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improved  • I'aciii  ty  for  asresa-ment  of  pm  zenith  radiance  iata  obtained 

2p  Marcii  19T3  arid  found  that  somewhat  better  afreemeijt  witri  these  data 
were  obtaineti  in  the  altitude  region  z < 9'J  Km  than  "vfi  had  previou.siy  re- 
ported. It  was  the  inclusion  of  the  weak  CO’2  i-aiidr  whi  di  rrurrlte  1 . r, 
obtainim-  a better  fit  to  tiiese  data  in  fne  rei'ion  z < dO  a:-.  A . i d-m'' • 
zenith  radiance  component  wiilch  has  its  maximum  at  z f 30  k..m  afi],ioarG  ii.  the 
1.3  pm',  zenith  radiance  data  obtained  on  11  April  197^  and  27  March  1973 
under  quiet  aurora  conditions  and  also  perliaps  in  the  February  i'y7^  ui  — 
lo.f':  data  obtained  in  tiie  edge  of  a discrete  arc.  yVie  established  that  these 
features  may  be  evidence  for  u . 3 pm  airglow  layer  due  to  the  f>rocess  OH(v) 
+ OH(v-l)  + ii|  + COg'";  iig  + C02(v^),.C02(v^)  ; CO^  + hv(l*.3  pm). 

About  '\Oij  to  0.22  ergrr/cm^  sec  ii^  excitation  in  required.  /le  developed 
a facility  to  use  the  g,round  based  pihotometric  data  on  the  history  of 
auroral  emissions  at  6.300  A (red)  and  at  ^278  A or  391‘*  A (blue)  in  order 
to  generate  the  time  history  of  the  altitude  dependence  of  energy  deposit 
q(z,t)  by  particle  f recipitation.  We  successfully  applied  this  facility 
for  analysis  of  auroral  1.3  pm  data  obtained  25  February  197^.  We  showed 
that  the  data  obtained  in  2 rocket  flights  6 March  1975  under  conditions 
of  a sunlit  and  dark  atmosphere  resi'CCt i vely  can  be  consistently  explained 
oti  tne  basic,  of  two  CO^  h.3  Prn  airglow  mechanisms.  One  is  the  fibsorption 
.,.f  sunlig.ht  at  U.3  and  2.7  Mm  by  CO^  followed  by  re-emission  at  t.3  pm 
wnich  is  operative  in  the  sunlit  twili.dit  case.  The  otiier  is  the  OiUv)*''^ 

;<2  mechanism  w.hich  is  opjerative  iri  the  ratio  1:3  in  the  sunlit  and  dark 
cases  re.sp.ectively . 


UiJCLAGGlFIED 

sfcuriTy  Cl  Assjry  ationof  ^mis  PAr.r- 
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Nuclear  Agency  uince  the  early  I'JJO  time  period,  compromises  several 
gr  upingj  of  separate,  but  interrelated  teclmical  activities,  e.g.,  ICECAP 
(infrared  Chemistry  E>:periments-Co -''rdinfited  Auroral  Program).  Each  of  the 
latter  have  the  c mxijn  'bjectives  of  providing  infoi'mation  ascertained  as 
essential  f r the  development  and  validation  of  predictive  c -mputer  codes 
de'signed  for  use  with  high  priority  DoD  radar,  c MTimunications,  and  optical 
defensive  systems. 


Since  the  Inception  of  the  HAES  Program,  significant  achievemf.nts  and 
results  have  been  described  in  reports  published  by  DMA,  participating 
service  lab-oratories,  and  supp-ortive  organizatl  ns.  In  ordi^r  pr  -vide 
greater  visibility  f >r  such  Information  and  enhance  its  timely  applications, 
si, '.nif leant  repej-ts  published  since  early  calendar  197^'  shall  be  ideritifieu 
with  an  assigned  HAES  serial  nuinber  find  the  appropriate  activity  acr -tiym 
(e.g.,  ICECAP)  as  psirt  of  the  report  title.  A complete  and  current  bibli- 
jgrnphy  f nil  HAES  reports  Issued  pri  r to  -and  subsequent  t HAES  Rep  rt  No.  1, 
datf.'d  5 February  197^  erititled,  "Racket  Launch  f aij  SWIR  Spectrometer  ints 
an  Aur  ,ra  (ICECAP  7-  )>"  AF’CRL  Envir  nmor.tai  Re.search  Biper  No.  ket,  Is 
maintained  and  available  ,n  request  from  DASIAC,  D-JD  Nuclear  Inf  rmati  ti  and 
Analysis,  Center,  8l6  Stati-  Street,  .Santa  P»irbara,  Calif  rnla,  95  IOC , 

Te-leph  ne  [80S] 

This  rep  rt,  which  is  the  final  i-ep  rt  u;,dei-  DNA  Contract  N . 


DNACX)  I -70-C-OO ' 5 lo  tne  fifty  seventh  rep-ort  in  the  HAES  series.  It 
documents  w <rk  performed  in  the  perl  id  1 Au/rur.t  1975  throu^rh  5 1 Oct--ber  1976. 
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1 . 0 IH'IKODUCTIOH 

Bie  lout:  rari(';e  jiurpose  of  our  project  in  to  develop  ccneral  capability 
to  predict  upper  atinonpheric  optical  nuclear  effects  near  U.p  pit:  for  exoattno- 
jphcric  detonations.  Ilnhanced  pji:  and  other  infrared  upper  atmospheric 
emissions  are  expected  to  result  from  the  enhanced  enercy  deposit  in  the  upper 
atmosphere  which  results  from  an  exospheric  detonation.  Obvious  mcdianisms  by 
whicli  these  detonations  deposit  energy  into  the  u^jper  atiresphero  include  x-rays, 
debris,  p radiation,  and  nuclear  induced  current  systems  and  shock  v/aves.  At 
high  latitudes  there  occur  natural  mechanisms  for  energy  deposit  in  the  upper 
atmosijhere  which  are  remariruibly  similar  to  the  nuclear  meciianisms.  Amongst 
these  natural  mechanisms  are  included  energy  deposit  by  particle  precipitation 
and  also  Joule  heating  associated  with  tlie  large  westward  flowing  current 
systems  widch  exist  in  the  high  latitude  ionosphere  in  the  midnignt  to  6 o'clock 
local  time  zone.  Hie  visible  auroras  observed  at  high  latitudes  result  from 
particle  precipitation. 

A purjiose  of  the  DliA/Ai'XlL  auroral  measurements  program,  is  to  measure 
simultaneously  the  upper  atmosjjherlc  energy  deposit  by  these  natural  mechanisms 
and  the  resultant  enlianccments  in  uj>pcr  atmosplieric  ini'rared  eiidssions.  It  is 
our  job  to  provide  a theory  wtiich  uses  the  energy  deposit  measurements  as  input 
in  order  to  predict  eniianced  upper  atmo.3pheric  infrared  emissions  near  -i.J  (jj:. 
as  output.  Biese  predictions  tlicn  may  be  coirpared  against  the  infrared  measure- 
ments in  order  to  jud/:e  the  accuracy  of  the  theory  in  predicting  nuclear 
en.hanccd  emiis.jions  as  the  result  of  nuclear  energy  deposit  in  t}je  upper 
atmo.sjjhere. 

Details  of  the  ;T[)atial,  .-spectral  and  tcmjioral  dependence  of  the  nuclear 
eniianced  infr.-tred  are  all  of  prime  importance  for  tlic  effective  design  ;uid/or 
performance  evaluation  of  miliUtry  optical  systemis  wiiicii  are  supposed  to  be 
able  to  ftinction  in  the  presence  of  a nuclear  eniianced  background.  Tiierefore, 
the  aurorfi.1  measurements  program  must  be  designed  to  obtain  tiie  temiioral  and 


•ipatial  dopendonco  of  both  the  energy  deposit,  and  of  tho  re::ultant  enhanced 
infrared,  in  aj  threat  a detail  ac  po.jjlblc.  Likevri.ae,  t)ie  ultiujate  tlieoretlcal 
capability  we  iiope  to  develop,  a capability  to  predict  the  infr:ircd  cni,ancc- 
mentj  wi;ich  re.Jult  frorr.  the  enerfiy  deposit,  rmist  bo  very  detailed  in  order  to 
accurately  predict  tiie  detailed  ,;patial,  tertporal  and  Ji)octral  distribution  of 
enhanced  4.3  pr-  radiation  as  the  result  of  a given  time  history  of  the  spatial 
distribution  of  upper  atmospheric  nuclear  (or  auroral)  energy  deposit.  Our 
tasks  urider  this  current  contract  arc  aimed  at  developing  a portion  of  t)iis 
tlieoretlcal  capability.  Tlicse  tasks  arc  concerned  vd.th  evaluation  f rseket 
measured  4.y  pr.  aui’oral  zenith  radiance  data  obtained  in  the  DHA/aI'’GL  aurcral 
measuremonts  prograrii.  One  of  these  tasks  was  to  develop  facility  to  numerically 
solve  the  exact  time  dependent  plane  parallel  radiation  transport  equations  which 
describe  tho  COg  4.5  pm  aurora  and  to  use  this  facility  to  atteirrpt  to  obtain 
closer  theoretical  agreement  with  4.5  pm  data  obtained  on  the  dates  24  Marc;. 

1975  27  Marcn  1979  tlian  had  been  obtained  in  an  earlier  preliminary  stud„- 

(Reference  1,  Kunier  , Ai’'CRL-TR-74-0554) . The  second  task  vras  to  perl'orti. 
prellmiriary  analyses  of  4.5  pi;-  zenith  radiance  data  that  were  obtained  on 
2b  i'ebr’.iary  1974,  11  April  1974  and  in  March  1979- 

Bie  highligiits  of  cur  study  -itj:  (l)  ifc  successl'uHy  develoi^ed  tno 

numerical  facility  to  solve  the  exact  time  dependent  plane  jiarallel  radiation 
transport  equations  which  describe  4.5  P"5  omission  in  the  upper  atmosphere. 

(2)  Accurate  modeling  for  liigh  altitude  C0,„  4.5  pm  emissions  requires  tliat  the 
eff'ccts  of  the  weak  COg  4.5  fdn  bands  arc  included  in  the  calculation.  (5)  T*ie 
4.5  pin  data  consistently  exhibit  evidence  for  a 4.5  pm  alrglow  layer  duo  to  the 
process  OH(v)  + U ^ Oii(v-l)  + + CO.,(v.),  CO„(v,)  - CO^  + hv 

(4.5  pm)-  About  0.o6  to  0.22  ergs/cm'^  sec  Ng  excitation  is  required.  (4)  A 
facility  to  use  the  g, round  based  ptiotometric  data  on  the  history  of  auroral 
emissions  at  650O  A (red)  and  at  ii27B  A (or  5914  A,  blue)  in  order  to  generate 
the  time  history  ol'  the  altitude  dependence  of  energy  deposit  q(z.t)  by 
jj.'xrticle  precijjitation  was  developed  and  successfully  applied  for  analysis  of 
auroral  4.5  imi  data  obtained  25  February  1974.  (5)  TI10  data  obtained  in 

2 rocket  flights  6 Marcli  1975  under  conditions  of  a sunlit  and  dark  atmosphere 


It 


respectively  were  consistently  explained  un  the  basis  of  our  CO^  4.5  airglow 
theories  of  scattering  and  flourescence  of  sionliglit  by  CO^  in  t.ie  sunlit  case, 
and  t;ic  Oil  ilriven  CO^  4.5  din  nightglow  in  the  dark.  case. 

cL 


ftirther  v rk  to  irriprove  our  modeling  capability  for  4.5  lun  auroral 
data  should  include ; 

1)  Development  of  a facility  to  calculate  the  spectral  stiaicturc  of  the 

4.5  dm  zenitli  radiance.  Tliis  requires  calculating  the  altitude  profiles 
of  the  radiance  in  each  of  approximately  400  lines  in  the  CO^  bands  near 

4.5  dm.  Predictions  of  4.5  dm  spectral  structure  obtained  in  this  vra,y 
may  be  validated  and  improved  on  by  corr^iarisons  vri.th  the  spectral  zenith 
radiance  data  obtained  in  the  illRIS  flight  of  1 April  1976,  as  v;ell  as  by 
comparison  vdth  available  short  vra,vclongth  CVF  spectrometer  data. 

2)  Development  of  a cajjability  to  calculate  tlie  lateral  stiaicture  in  the 

4.5  dn:  radiance  as  the  result  of  lateral  structure  in  the  energy  deposit 
by  the  high  latitude  mechanisms. 

5)  Apply  our  nev/ly  developed  facility  to  generate  q(3.t)  from  gro'ond  basec' 
red  arid  blue  photometric  data  for  the  further  evaluation  of  data 

obtained  9 March  1972,  24  March  1975  and  27  Mxirch  1975.  Tliis  effort 
should  result  in  a more  consistent  picture  for  the  Interpretation  of  all 
of  the  4.5  pmi  data  obtained  to  date.  In  particular  it  should  result  in 
considerably  narrowing  the  broad  range  for  e . the  efficiency  for  producing 
Ng  from  jiarticlc  xirccipitation.  Current  bounds  arc  5 e ^ l6 

(H...,  Vibration  quanta/ionization  event). 

4)  Study  the  correlation  between  ground  based  OH  airglow  data  and  the  feature, 
in  the  4.5  pm  zenith  radiance  d.ata  which  i:ay  be  due  to  vibration  transfer 
from  OH^  to  Ng. 

Performance  of  these  tasks  will  comiiiensurately  inprc'vc  our  capability 
for  accurate  prediction  of  nuclear  enhanced  4./,  [m;  atmospheric  omission. 


P.O  IMPROra-II'Ji'i’C;  IIJ  'IHE  CO^  4.5  t^n*  AUROimL  MODEL 

2.1  Introduction 

Proliiiiinary  "valuuti -n  f l.i  um  aeiiith  radiance  data  btained  ,n  ne 
rocket  i’lielit  during  1972  and  on  two  more  during  1975  aa  part  of  the  DliA/AFCRL 
ICE  CAP  infrared  auroral  meaaurumcnta  program  (Stair  ot  al. , Reference  2.  Iy75) 
haa  been  given  in  ..ruituiary  form  by  Kuinerj  Reference  5-  1979  • and  in  more  detail 
by  Kuiner,  Reference  1 (iicncoforth  Rcferencea  5 and  1 will  be  referred  to  by 
KGP  and  CRL0554,  reapectlvoly) . In  these  preliminary  eval.uati.jns  it  vas  ,;h  wn 
tiiat  the  dominant  mocljanism  for  producing  tlio  observed  data  is  vibrational 
excitation  of  nitrogen  by  precipitating  electrons  followed  by  W exchange  'with 
CO..,  to  form  CO.,  (OOl)  followed  by  radiation  in  the  C0_  v.,  fundamental  band 

t-  cl  ^ ^ ^ 

001  -•  000  near  4.5  fvn.  Tlie  basic  processes  involved  in  this  •-  CO^  (OOl) 

mechanism  are  reactions  (l)  throujjh  (6)  in  KSP.  Tiie  basic  time  dependent 
radiative  transfer  equations  wiiich  describe  the  ^ CO.,  (OOl)  mechanism  arc 
(y)  and  (8)  in  KSP.  A stationary  time  dependent  sjjproximation  (STDA)  for 
solving  these  equations  is  developed  in  tlie  KSP  and  CRL0554  papers.  It  is 
showri  in  these  papers  that  plausible  agreement  between  theory  and  data  is 
achieved  via  this  approach. 

In  our  present  report  wo  stiow  that  the  inclusion  iti  equations  (7)  and 

(8)  of  KJjP  of  a tcrni  wliich  accounts  for  4.5  pm  radiation  to  space  by  C0_  v 

12  l6  ^ 

bands  other  than  the  C 0.,  fundtuncntal  001  — 000  band  is  an  inportant 

meclianism  for  deterirdning  the  N,,  lifetime  T in  the  altitude  range  65  ^ s ^ 90 

i- 

km,  and  tliat  in  fact  an  error  of  a factor  5 excess  in  t at  z 79  isn  will  be 
made  if  tids  mechanism  is  neglected.  We  also  describe  an  exact  ^ime  dependent 
transport  (TDT)  metiiod  for  solving  the  corrected  versions  of  equations  (7)  and 
(8)  of  idjp.  We  sliow  that  solution  of  these  equations  via  ttds  more  accurate 
method  ijrovides  a better  fit  to  the  dij,ta  obtained  24  March  1975  th;ui  wo  had 
previously  reported  (CR10554).  We  also  show  that  reasonable  agreement  with 
data  obtained  6 Kitrcli  1979  in  the  twilight  sunlit  atmc'-qiliere  nay  bo  achiievod 
via  apijlication  of  the  IDT  method. 
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In  tiie  n.eieprological  conanunity  it  hao  been  i.no'rfn  Tor  son^e  tii!;e  tnat 
weak  COg  bands  near  15  iiu.  play  an  iniportant  role  in  the  mesospheric  heat 
budi>;et.  (See  Reference  4 for  ex.aii.ple.)  Biis  v/ould  suggest  that  v/cai:  COg 
bands  might  play  an  important  role  in  the  Ng  COg  (OOl)  aurora.  Indeed,  in 
our  earlier  report  (CRLOJ54.  Appendix  C)  we  introduced  an  appz'oxirrate  method 
for  including  the  contribution  of  the  weak  C0„  v.  bands  to  the  C0_  v.  4.f  \xs:: 
zenith  radiance.  We  showed  that  t.he  wear,  band  co.ntribution  to  CO.,  v zenith 
radiance  v/as  indeed  a major  ei'fect.  In  that  report  (CRL0yp4)  ve  did  not 
however  consider  what  effects  the  vusu:  v . bands  -would  ).ave  on  the  time  depen- 
dent  radiative  t'»'an3port  of  COg  v,  jAiotons. 


In  our  current  work  we  do  consider  tlie  transport  effect  of  these  weai-; 
COg  bands,  and  we  shew  that  those  effects  are  significant.  Tne  woai  COg 
bands  -we  include  in  our  calculation  are  shown  in  'fable  1.  Eiese  bands  form  a 
nearly  cottplete  set  in  that  addition  of  vreaker  bands  does  not  significantly 
iripact  tiie  problem  in  tlic  altitude  region  of  interest.  Tne  COg  isotope 
notation  follows  McClatchey  et  al.  (Reference  5).  Bie  bands  are  desi piated 
by  tiie  number  j . 


2. 5 Tiie  Time  Denendent  Radiative  Transfer  Equations 

If  we  treat  tiie  upper  state  populations  [CO^  (jv,)]  of  each  weak  CO  v. 

^ A ^ 2 .5 

band  in  'lUblo  i as  an  unluiovm.  as  well  as  (COg  (OOl)]  and  (Ng]  as  unknowns,  we 

get  12  unknown  quantities  at  each  altitude  mesh  point  (the  role  of  the  altitude 

rnesii  points  in  computing,  tiie  radiative  transfer  integral  is  discussed  by  Kunier 

and  James,  Reference  6,  this  paper  will  bo  liencoforth  referred  to  by  KJ). 

Tiiesc  quantities  are  coupled  with  each  other  due  to  W transfer  between  N.,, 

and  COg,  and  tiiey  are  coupled  to  the  quantities  at  all  otlier  altitudes  due  to 

radiation  transport.  Currently  wc  use  an  altitude  mosii  conalauj.ng  of  2b  points. 

Hence,  the  exact  description  of  ttie  problem  involves  the  solution  of  12  x 26 

coupled  time  dependent  integral  radiation  transport  equations  that  arc  similar 

to  equations  ('/■)  and  (8)  in  KGP. 


T.'iblo  1.  HIE  V.'S'uv  CO,-  v..  liUiDC 
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Wc  dei'lne  f.  = [vyj/[,j]  and  = [NgJ/lN^].  Here  [v,j]  is  the  pcpu- 
iation  of  the  upper  state  of  the  jth  v.  band,  and  [ j ] = G.[CO^  (OOO)]  is  tne 

t)  ^ 

population  oi‘  the  i“^i’ound.  atate  of  the  Jth  band,  'Bie  G.  are  the  relative 

number  denoitieo  of  the  o^ound  otate  CO^  i’or  bandj  j aj  compared  to  the  major 

isotopic  CO^  626  specie  001  ->  000  ground  state  number  density  [CO^  (OOO)]. 

The  G.  for  tlie  001  — 000  band  of  the  minor  isotopic  specie  arc  well  knov.ii. 

J 

T}ie  calculation  of  G.  for  the  hot  bands  of  all  the  isotopic  species  requires 
J 

that  the  CO^  v,,  vibro,tional  temperatijres  are  juiovni.  Our  method  for  cal- 
culating tlie  T,^^  is  given  in  a paper  (Reference  7.  "COg  and  Hg  Vibrational 
Temperatures,  4o  to  ito  km")  that  we  have  submitted  for  publication  (l97o)  to 
J.  Geophys.  Res. 


Tlie  homogeneous  equations  analogous  to  (7)  and  (8)  in  KSP  a 


are 


_d_  .. 
dt 


‘j  " ‘j  - \ y 


ajid 


Tiie  quantities  N.  ,are  deX'ined  by 
J 


00 


'Die  quantitio.s  v/.  arc  1 or  l/2  bepontUng  on  the  .symmetry  properties  of  the 
J 

jtt.  band,  w.  = 1 for  j = 1,  10  and  11,  and  w.  = 1/2  for  all  otiier  J.  Die 
•J  J 

(luantitiec  ^re  the  e3cai)e  flinctionc  for  the  jth  band,  and 

'j  ■ •W<v»4>  * Vv<V*4» 

wliero  il  »■  N.(s,  ) and  s,  i.s  the  lower  boimdary,  s,  = 4o  or  sometimes  50  km 

jn  J n Jj  i, 

I'or  the  re.suits  va?  will  present  in  Section  y.O  of  tliis  report. 


'Hie  ixuaniitioo  account  for  fluorescent  radiation  near  9.6  -ind 

10.4  IX-:.  from  all  of  tlio  upper  levels  [v^].  Tliere  is  an  additional  contri- 
bution of  about  of  A;,  to  tiic  A^  for  values  of  j = 10  and  11.  T!ic  extra 

contribution  to  A^^  for  tne  j = 10  and  11  bands  is  due  to  tlie  2.7  M-’--  tratisi- 
tions  02^1  - 00^0  and  10^1  - 00^0  (jariies  and  Kurner,  Reference  Ij7^). 

Other  quantities  appearing  in  equations  (l)  are  defined  in  rU.  Also 
quantities  which  appear  subsequently  herein,  and  whicli  are  not  defined  herein, 
are  in  fact  defined  in  either  KJ  or  CRLO^y^^.  Values  for  the  rate  constants 
ti.at  v;e  use  for  the  calculation  reported  iierein  have  been  tiedified  frorr.  w:;at 
is  listed  in  KJ,  when  necessary,  in  order  to  conforit  vrith  the  latest  values 
reported  by  Taylor,  References  9 and  10. 

2 . 4 Escape  Function  Approxinntions  for  tl'io  N*  Relaxation  Time 

Die  12  X 26  coupled  equations  (l)  are  numerically  too  difficult  tc 
conveniently  solve  with  cotrputing  facilities  available  to  us.  It  is  possible 
hov/ever  to  use  the  escape  fiinction  approximation  (see  KSP  and/or  CR10j>34)  to 
estiiijate  the  relaxation  time  x(z)  for  an  R*  created  at  an  altitude  z.  T!.e 
escape  function  opprexirnation  (EFA)  is  implemented  by  setting  the  integral 
term  to  zero  in  equation  (lb).  The  12  x 26  coupled  equations  (l)  reduce  to 
26  sots  of  12  X ],2  equations,  each  sot  associated  with  a specific  z mesh  point, 
llich  of  the  sots  of  12  coupled  equations  are  linear  first  order  differential 
equations,  just  like  equations  (l).  Formally  the  inliomogenoous  tiatrix  forn. 
of  the  equations  iray  be  v/ritten 

(I  ^ + U)  f = "0  (2) 

where  I is  tlio  xuiit  riatrlx,  elements  of  U may  be  determined  from  the  homo- 
geneous equations  (l)  and  T]  is  ;.ui  inliortcgeneous  vector  term.  If  one  knows 
the  eigenvector  matrix  K such  that  UK  = KX  where  \ is  a diagonal  matrix  of 
eigenvalues,  and  if  one  luiows  K ^ such  that  K = I,  then  the  oxioration 

k‘^(I  + U)  K K”^f  = K"'*'  T]  (5) 


10 


yioldj  t.he  diat;onalized  3ot  of  equationij 


(i  i * >)  • *' 

c f ^ = K ^f  and  T/  = K ^T].  The  solution  of  (2)  then  is  Kf^  where 
f'  = r\t'  Tl'(t') 


For  each  of  tlie  26  sots  of  12  x 12  equations  obtained  fron.  equations 

(l)  by  EFA  there  are  26  sots  of  12  oiconvaluos  k.  Tliese  eigenvalues  are 

inverse  time  constants  associated  wit)i  the  eigenvectors  in  the  K matrix.  In 

each  set  k there  is  one  snail  inverse  time  constant  1,^  and  11  large  Inverse 

time  constants  X.. 

J 

Tlic  quantity  gives  the  decay  time  of  the  initial  Tiie 

short  lived  time  constants  t = l/k.  corresiiond  roughly  to  the  rapid  decay  of 

b J 

the  initial  [v,  j]  due  to  I’adlation  to  space. 

Ttie  K,  k and  K ^ may  be  readily  attained  numerically  by  using  standard 
scientific  conqjuter  subroutines.  Ttio  U-‘2C  adaptation  of  the  CACM  aigoritiur. 

12-68(820).  EIGEIiP  nay  be  used  to  obtain  the  K and  k associated  with  U. 
Next,  the  vri-dely  used  subroutine  GJIi  nay  be  used  to  obtain  K If  necessary, 
double  precision  results  nay  be  obtained  by  usin/j  EIGEIiD  and  DGJP. 

2 . '}  Ttie  ApTiroxlnation 

TJie  12  X 26  coujiled  equations  (l)  may  be  reduced  to  2 x 26  coupled 

equations  if  one  introduces  a term  Q.  which  ai'proAirrates  the  effects  of  the 

* " 

weak  bands  in  quenching  N.,.  Wo  define 

^ j=2  “ 0 (aa , 26^j  M J Np ^ ) 


'JSio  approximfition  for  equations  (l)  is 


iL 

dt  "1 


and 


■ \.2C  f^l^l  ■ I \ 


XV^ICO^J  (f^-i’y)  ' (k,^LO]+k^,  jo^]+(i.)  f„  + 
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elx‘-  2-^ 


(6a) 


(6b) 


Hic  2 A 26  coupled  equations  (6)  are  of  the  forti!  of  equation  (2)  and 
?.^VJ  readily  bo  Jolvod  numerically  by  the  tochniquoa  described  in  Section  2.-') 
on  tiic  co/rif)utint:  facilities  tliat  are  available  to  us.  Vte  'a111  designate  such 
a ’’time  dependent  transijort"  solution  by  'IDT.Q^^  for  solution  of  equations  (6). 
In  reference  to  solution  of  equations  (l)  we  siiall  use  WT. 


In  the  approxirration  we  use  a modification  for  7]^^  defined  by 


ai  f^°2^ 


and 


NJ 


it, is  modification  acco'onts  for  tiic  iT  transfer  CC'  (jv.,)  - of  initial 

excitation  in  land  J over  to  11^.  T*iis  "v/eak  band  related  pumping”  pre  cess 
■ ^ • . . ^ , 

Xor  Ng  is  the  opposite  process  of  tlie  "weak  band  related  quenciiing”  process 
wt.ich  we  account  for  by  the  psuedo-quenching  term  in  equations  (6). 


dt 


f . 
J 


r!ie  approximation  lor  1\  I'or  j ^ 2 may 

= 0.  lliis  approxirration  is  useliil  if  Ti,|<A,\, 


L/U  UUtMrXiiUU  UJ 


'dt  '‘j' 


■n'  'jl 


f . 
J 


( ^‘2 1 ^^2  ^ ^ j ) / ( ^2  * ^2  ^ "^^1  ^ ^ . 26*^  j ^ 


Tire  result  is 

(7) 


2.6  Accuracy  ol'  th  Q.^  Approxitration 

V/e  must  addi’ucc  the  quoution  of  the  accui’acy  of  the  ai)proxi.':ation. 

We  obtained  no  'IDT  aolutionu  ol’  equation.!  (l)  for  coint>aricon  with  IDT. 

colutionu  of  equations  (6),  but  we  were  able  to  obtain  Ei'A  .solutions  of 

equations  (l)  wl.ich  nay  then  be  cotrpared  vrith  EFA  solutions  of  equations  (6), 

In  E1’’A  equations  (6)  reduce  to  26  sets  of  coui)lod  2 x.  2 equations  vdth  tv;c 

associated  eigenvalues  of  wliich  is  the  siraller,  t = 1/Xjj.  T!io  estimated 

N,,  relaxation  time  constants  t = 1/X,,  obtained  from  those  EFA  calculations 
2 N 

are  shown  in  Figure  1.  Die  curve  labeled  EFA.Q^  applies  for  tlic  EI'A  solution 

of  equations  (6)  v/lth  given  by  equation  (5).  Hie  curve  labeled 

EFA, = 0 applies  for  E1'’A  solution  of  equations  (6)  with  = 0.  Tlie  curve 

labeled  Tp^  is  given  by  = (kp[C02]  + kpQ[0])  this  value  for  assumes 

no  back  W transfer  from  C0„  (jv.)  to  N_. 

2 y 2 

Die  EFA,  = 0 estimate  for  t is  incorrect  since  it  neglects  tlie 
transport  effect  of  the  weak  bands.  Die  EFA,'.i  = 0 cstLsato  for  t was  reported 
in  KCP  and  CRLOyy^  since  the  transport  en’oets  of  the  v/eak  bands  had  not  as  yet 
been  considered  at  the  time  those  docuincnts  were  published.  Gince  the  3 
estiiiates  arc  quite  similar  for  z < 90  km,  and  since  the  buD:  of  the  aurora' 
energy  deposition  occurs  for  z k.  'JO  km,  the  pm  auroral  zenith  radiance 
data  analysis  and  the  conclusions  presented  in  the  papers  KGF  and  CRL0yy4  arc 
essentially  correct.  However,  wo  shall  see  below  that  analysis  of  the  auroral 
data  via  'iDT,Q^  solutions  does  achieve  a somowliat  better  natch  of  tlie  data 
with  theory  than  that  wliich  is  shown  in  KCP  or  CRI03y4. 

Die  EFA,Q^  = 0 estimve  for  t becomes  much  different  than  the  other  two 

estinates  for  altitude.;  z ~ yO  km.  Diis  is  a very  inportant  point  of  interest 

for  DliA  because  the  'Dulli  of  the  energy  dcxiosit  from  high  altitude  detonations 

occurs  for  z < 90  km.  Wo  believe  .some  kind  of  rocket  exxiorimei  to  confirm 

the  effect  of  the  v/eak  bands  on  t In  region  z < ',<0  km  is  necessary.  Gunrise 

or  .junset  twilight  .iliots  might  be  uscl'ul  for  this  purjioso.  However  in  Section  3*5 

belov/  we  shov/  that  in  the  case  of  the  existing  6 March  twilig.ht  sunlit 

data  that  the  T]p  and  Tlj^  are  changing  rather  si<  wly  ovei'  a tinie  scale  t(z) 

Qw 

1 ' 


Fi,_-jTc  1.  A conq-'irj  Jon  oV  Die  EKA  eotlniulcs  I'or  Die  rclaxaticn 

Lime  T.  T!ic  curves  labeled  tl'A.  (iy  and  EFA  12  x 112  include 
the  efTeetn  of  the  weak  CO^i  u-;  handn , the  cur’/o  labeled 
EFA.  .y.,  = C docs  net.  Tlio  curve  labeled  Tpr  1.;  the  result 
( ni.’  achlevo.s  by  neiileetint;:  tue  '/v  transl'cr  I'ron;  COn  bacK 
to  II  . 


u.nd  tn!  r':i‘oru  ttic  tine  JujK’iident  etTucto  are  i:  ild  enou(;;h  that  they  ai''--  not 
dramatically  evident  in  tlienc  data. 

A jccond  in^ortant  point  tliat  Ficurc  1 illuntratcj  i3  tliat  tine  Ki-'A 
12  X 12  and  the  Ei'A.Q^,  estiiratoj  for  T are  virtually  identical.  Thie  itcana 
tiiat  the  0^  approximation  of  equationo  (6)  to  equations  (l)  io  very  accurate 
for  the  purpcao  of  coniputing  the  Ng  relaxation  time. 

In  Gcction  3*1  below  we  vrill  examine  the  impact  of  uoing  the  more 
accurate  t cutimate  (by  EFA  12  x 12  or  EFA,i}^)  ao  conpared  to  uoing  the  leuj 
accurate  t eutlrrate  EFA,Q^  = 0 for  the  analyc-io  of  pjt  aenith  radiance 
altitude  profile  data  obtained  by  Gtair  et  al.  (Reference  2)  in  a rocket 
expjcrimcnt  on  27  I-iarc'n  1973*  In  Section  3.1  we  will  refer  to  tlieuc  two 
catlriatc.j  au  and  re.7pectively. 

In  a paper  recently  Jubmitted  to  JoiU’nal  of  Goophycical  Rcuearch 
(Reference  11,  Kumer,  '"Bieory  of  tlic  COg  ^i.3  pji'  Aurora  and  Related  Phenomena," 
1//6)  we  corni)ar<,‘  in  detail  the  approximate  calculation  of  quiet  night  time 
zenith  radiance  profileu  and  of  auroral  zenitli  radiancec  by  Ei'A,Q,.  and  by 
KI''A  12  X 12.  V/c  find  that  the  radianeez  calculated  by  theze  2 methedz  are 
ezzcntlally  identical,  juzt  az  calculated  by  the  2 metliodz  iz  ezzentially 
identical  (zee  Fitprre  l).  We  concluded  tticn  that  radiancez  calculated  by  tlie 
TDT  and  TDT,Q^  would  alzo  be  ezzentially  identical.  Tliuz  in  tlie  remainder  of 
thiz  paper  we  ziiall  dezignatc  radiancez  calculated  by  TDT,  ziiiply  az 
rridiancez  calculated  by  TDT, 

Ibo  reader  zhould  boar  in  mind  tliat  radiance  calculationz  by  TDT  are 
intrinzically  more  accumte  than  calculationz  by  E1'’A  zince  in  the  later  caze 
vertical  radiative  plioton  diffuzion  iz  neglected.  T!ic  Iii'A,Q^  .-md  EI^A  12  x 12 
radiance  calculationz  that  wt;  dizcuz.z  in  Rei'rrutice  11  were  gtzierated  for  the 
zoic  purj)f,ze  of  eztabllzliing  that  the  I’DT.t^  and  TDT  radiatice  calculationz 
zhould  be  ezzentially  identical. 


I 


r.7  Radiances  in  the  V/caii  Banda 

In  Section  2,6  above  we  chovred  that  neglect  of  the  weak  CO^  bandc 
reJult.:  in  a large  error  in  the  cornputed  N,,  relaxation  tirno  t(z)  in  tiic 
altitude  region  z < ^JC  km.  Here  in  Section  2.Y  we  vdll  chow  cornc  calculational 
recultc  to  illuctrate  that  large  errorc  in  the  computed  radiance  prol'ileJ  will 
aljo  occur  at  lower  altitudec  if  the  weak  bandc  are  neglected. 


V/e  chow  the  lom  cenith  radiance  profiloc  calculated  by  IDT  in 

cclectod  bandc  in  Fiigurec  2 and  y.  Profilec  in  Figure  2 are  calculated  for 

the  aiiibient  nigiit  time  (March  65° N model  attiKDcphero)  cace.  Profilec  in 

Fiipirc  5 arc  calculated  for  the  2k  March  1975  eq(s,t)  auroral  depocition  model 

eq(::.t)  t)iat  wo  uced  in  our  prcviouc  study  (KGP  and  The  inhomo- 

gcneou.i  terms  Tu.  and  T] . ajjpropriate  for  the  auroral  case  arc 
i'l  J 

\(Zl-'t)  = eq(z^,t)/[K2],_^ 

and 

"H  - (2.  ) t)  = 0 

J 


TJic  irdiomogeneouc  tcrniC  Tj.  for  the  .'iinbicnt  night  time  calculation  are  given  by 


(3a) 


Tlio  first  term  on  the  right  hand  side  (idlS)  of  equation  (^n)  , accounts  for 

abcorjjtion  of  eartiishine  emitted  from  altitude  Zj^(coe  KJ,  page  645),  the  2nd 
term  on  the  RUS  of  cqutitlon  (va)  7]^^  accounts  for  thermal  collisional  excita- 
tion from  CO.^(jv,,  )+M  a CO,)(jv  v^)+M.  Since  [N^]  .->  T] . _ for  all  altitudes  no 


accxiracy  I3  loJt  by  making;;  the  api)roxiniation  T]. 

J ^ 

^ / 1 •»<■«  r./7  m/%  I 4"  . T t r ’ 1 v»  ,»-\  r\  V-.  y-. 

''Ic 


"Ic- 


The  calculation  of 


discussed  more  thoroughly  in  our  jiaper  (Hefcrcnce  7). 


Collisional  excitation  of  ic  responsible  for  the  ujiibicnt  night  time 
value  for  ’njj(2.-  ) ''^‘Ich  are  given  by  (see  KJ,  pages  Q\0  and  64l) 


For  the  ambient  night  time  calculation  we  take  d/dt  T).  =o  =d/dt 

J 


'*r 
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Conalclorins  that  t ^ 20  niin  in  tlie  altitude  region  of  interoat,  thia  ia  an 
accviratc  rcproaontation  for  the  time  dependence  of  T;  aevoral  lioura  after 
aunaet. 


Uaing  theac  two  aeta  of  vaiuea  for  T],  one  act  appropriate  for  the 

2h  March  1973  aurora,  the  other  oot  appropriate  for  quiet  nigfit  time  conditiona, 

we  may  aolve  oquationa  (6)  to  obtain  two  corroaponding  aolution  aeta  f^. . From 

the  r.  the  radiance  R.  in  a given  band  may  be  comtjuted  via 
J J 


'tn  R. 
J 


r a {ctw.|n!-R.|  )n.(«0s.(N.') 
jo'  .)',■]  J ' ' J ' 0 ' J ' .r 


(3b) 


where 


.9  . S . = 

J J 


° \.2G  \ 


Radiance  pro file a for  the  oumi  MR.  of  the  radiance  in  all  bands,  for 

J 

radiance  in  the  626  X'undamental  R^,  for  radiance  in  the  strongest  minor  isctcpic 
band  R^,,  for  radiaiice  in  the  strongest  najor  isotopic  hot  band  R,_ , for  radituice 
in  the  wcar'.cst  irajor  i.sotopic  hot  band  find  for  radiance  in  the  weariest 

minor  isotopic  hot  band  Rg  arc  shown  on  Figures  2 and  3*  By  inspecting  these 
results  We  sec  t)iat  the  stronger  wear,  bands  R,  and  R,  are  very  sitpiif leant  for 
z 3o  rsr.  Indeed  neglecting  R,  and  R,.  would  load  to  gross  inacccu’acy  for 
z < 70  km.  On  the  other  hand  since  the  weaker  of  the  weal;  bajids,  R,  :aid  R^^. 
are  insignificant  for  z - 30  km.,  we  believe  that  tlie  set  of  bands  show!i  In 
■Rible  1 is  com})lete  for  the  puiriosc  of  calculating  tlie  v.  pm  radiance 
which  orlgiaates  from  z 50  km.  'jjius  we  illustrate  that  U.c  wear',  bands 
contribute  very  slgnil'icantly  for  altitudes  z s SO  km. 
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5.0 


DATA  pn/AI,UATI0n 


5.1  Ai)plioatlon.'j  oi‘  Qita  Obtained  2h  t<larch  1975 

V/e  uae  ttic  iiicdcl  eq(^.'c.)  v;iuc!i  ia  doacribed  in  KDP  and  CRL>j>;)4  Tor  tnc 
kh  i-xtre:.  ldY5  aurc  ra  Dor  both  the  up  and  dovniicca.  and  we  us«.'  TDT  to  calcolate 
for  con.pariaon  v/itii  the  a’xroral  ix".  iionitl.  radiatiCe  altitude  profile 
data  (Reference  2).  Tneae  calculationa  and  tne  data  arc  anown  in  Figure  4. 

Leaa  recent  calculationa  tai.cn  from  KDP  and  CRL<;554  arc  alao  shown.  Aa  e;q)ccted 
t!ioro  is  little  difference  in  the  older  and  newer  calculatioris  above  t*0  An.. 

'Die  wear:  bands  become  important  for  loss  of  vibrational  quanta  by 
radiation  to  space  near  z ^ Oo  rsn,  tliis  manifests  itself  by  the  markedly 
better  fit  to  the  upleg  data  which  is  achieved  with  the  newer  calculationa  in. 
this  altitude  rccioti. 

Die  fit  to  the  dov/nlcg  appears  ciiually  good  in  cacli  case.  ‘Die  dowtile^ 
deposition  model  for  eq(z,t)  ia  probably  less  certain  than  ia  the  uplec  model 
however,  and  th.e  quality  of  the  theoretical  fit  can  be  no  better  ttian  fne 
injiut  model.  In  fact  we  can  imaiiine  the  use  of  a aoniewhat  inaccurate  deposition 
irodel  wl.ich  would  yield  a better  fit  to  the  data  on  input  to  a soieowhat  in- 
accurate theoretical  calculation,  t'nan  micht  be  obtained  on  input  to  a very 
accurate  theoretical  calculation,  provided  tliat  the  inaccuracies  in  the  former 
case  are  accidentally  cornr,enaatory. 

N'iCre  information  on  deposition  models  for  24  I-'arch  1975  have  recently 
become  available.  Diia  Information  appears  in  various  publications  including 
for  example  Ri-l'i-ri ’rices  12,  15  and  l4.  In  addition  to  the  onert^  input  modelinr, 
for  24  J'iarcfi  1975  which  has  been  pcrfornied  at  other  institutions,  in  our  cui-rent 
effort  we  have  developed  a capability  to  generate  a spatial  and  temporal 
eneri^  input  medol  q(z,t)  from  (ground  baaed  photomictrlc  observations  of  tiic 
histories  of  the  auroral  65OO  A and  4278  A (or  591^+  4)  emissions.  Vq  call 
this  capability  BKIfi^  (blue  red  Diput  model).  It  would  be  a useful  and  rather 
Inexpensive  exercise  for  ua  to  utilize  ttie  input  model  Information  for  the 
24  /•larch  1975  event  which  /laa  been  published  by  other  autiiors,  and  to  also 


Fif^J-re  4.  Die  2h  !-lxrch  197 ji  7.9  (iii.  auroral  zenith  radiance  data 

(Rel’erenco  2)  are  compared  vdtl;  predictioiin.  I!.e  solid 
curves  arc  Tl'D  predictions.  'Bie  das.'icd  curves  are  the 
older  o'IDA  predictions  (KSP  arid  CR0997).  Up  aiid  downlec 
predictions  are  labeled  by  U and  D.  Die  e values  in 
units  per  i<  n j)air)  wliich  j'rcvidc  tfie  best  Tit  are: 

TTD  GTm 

U D U D 

17.9  19.9  16.9 
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utilise  our  BRT':  capability  in  application  to  jjround  baaed  phoboKctric  data 
obtained  on  2h  Mirch  1^73  in  order  to  devise  a model  for  q(z.t)  for  2h  March 
1975  w)iich  is  more  careflilly  constiaxcted  than  the  older,  preliminary  iriodel  v;e 
describe  in  K;3P  and  CRL055'^-  Wc  could  then  compare  the  -^5  zenith  radiance 
profiles  ve  calculate  on  the  basis  of  the  inproved  input  model  v/ith  the  data. 
Bie  purpose  of  t)ie  exorcise  would  be  to  develop  more  credibility  in  our  IDT 
calculation,  and  to  quantitatively  establish  vriiat  is  the  contribution  as  the 
result  of  uncerUiinty  in  the  energy  input  model  to  uncertainty  in  the  value 
for  € •’xtracted  from  the  2k  vn,rch  1975  data. 

5.2  Imtjlications  for  Ih-aluatisn  -f  Data  Qbtai:.-^d  ^7  M.arch  1Q7<, 

The  mildly  varying  altitude  dependence  of  wi.at  we  currently  believe  to 
be  the  Ng  relaxation  time  in  the  70  to  100  km  region  has  some  iuportant  and 
interesting  consequences  for  the  Inteiqiretation  of  doraleg  k.'j>  pn;  aenlc;'. 
radiance  data  obtained  27  .'■iarch  1975  (CRL055^).  These  ckita  are  showi  in 
Figure  5 compared  against  a radiance  profile  labeled  M2.  Tliis  profile  is  cur 
non  LIE  prediction  for  the  anbient  night  time  k.;j  pir.  zenith  radiance.  Bie 
model  atmc  jsp.here  for  the  M2  calculation  is  based  as  rnuci,  as  possible  on  inde- 
pendent meas’urcmcnts  of  the  atmospheric  tenperature.  Development  of  the  M2 
•■'.odel  atnesphere  is  described  in  detail  by  Kumer  (Rcfercncelb ) . H-e  downleg 
penetration  occurred  at  a location  where  the  only  deposition,  at  the  time  of 
penetration  arid  Indeed  for  at  least  45  min  prior  to  penetration,  wsis  a soft 
precipitation  which  j)rcduced  about  1.5  IcR  of  5914  A brigiitnoss.  most  of  this 
above  115  ksn  where  the  Ng  is  predominantly  cjuenctied  by  0 rather  than  COg. 

1,.  CR1D55^  it  i^  stiown  that  tliis  drizzle  could  not  be  responsible  for  the 
"flattenlnf^'  or  "inaxlmum"  which  is  noted  in  the  data  in  the  70  to  Bo  km  altitude 
region . 

Gince  our  former  calculation  (CIUj0554)  loi"  Tj.  the  reJaxation  time 
(calcuLatfd  via  = O)  has  a prominent  maxinium  of  more  than  20  min  near 

75  km  we  had  once  thought  (CRL0554)  that  thi.s  jiaximum  in  the  27  March  1975 
downleg  4,5  piii  zenith  radiance  data  near  75  km  might  be  the  decaying'’  remnant 
of  a very  bright  aurora  for  wlilch  energy  input  iiay  have  terminated  as  long  as 
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Kif^'  Aurc-ral  (ir.  ;jc;iiiLi.  radiat-ct.-  data  il.taincd  or:  dov.'tiiL';’; 

of  a rocket  e)q)erimerit  (Ctair  et  al.  . I<olV>ronce  ii) 
conducted  on  ?'l  ^^arc^l  L'jflit  ari  conniaia'd  vrith  an  aiiibiont 
niidit  titiio  radiance  (•••'T  enJation  (curve  i'nc  nirdol 

atm  .,7)here  oti  wlilci.  the  runtient  calculation  ia  baaed  la 
deacribed  by  1-luiier  (Kid’erenco  1^). 
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an  )iO'oi-  or  i:ore  jirlor  to  dovmlcf;  penetration.  Wo  had  made  tlic  assunption 

l,;.at  tlioiv  vra.:  no  -ipprociable  vrind  ahoar  in  the  70  to  95  bJ!'-  rccion.  Wo  had 

t::0'a;;.t  ti  at  t:.o  Jhil't  in  position  to  lower  altitude  of  the  rrajcirrarr.  in  auroral 

‘ p;-.  radiance  would  occur  nince  tlic  altitude  dcpondenco  of  t,,  dictati.:.3  that 

t:re  radl:uice  profile  of  an  intcnac  aurora  dccayn  4 time.:  faater  at  99  4:;.  than 

at  r Ki;.  after  cenaation  of  tiio  enercy  input,  iiio  input  ia  aj:7un:ed  to  pear. 

at  a:  ■ ut  ' .'tv.  for  ”:.:ird"  auroral  procipitationn.  Hov/evcr.  jince  (c 'ur 

•■arrv;:'. . mcr-  accurate,  calculation  for  the  rcla;tation  tiino)ci.an;_:e.J  at 

:i.  nt  ty  a factor  1.7  in  the  altitude  ran/jio  70  < a < '95  j-ar.,  thic  effect  will 

ni  t a.;  readily  occur.  In  fact  the  peak  in  the  docayinc  auroral  radiance 

profile  .jhould  tend  to  ahift  from  the  90  to  95  fat  rotjion  toward  ilghcr  altitudea 

due  to  thi?  ranid  increase  in  t above  a = 'i5  kar;. 

c 

'fnu.s  we  mu.:t  Jook  for  alternate  meciianisms  to  exj)lain  the  ”:in..vl:::u.m'' 
whlci.  occurs  in  the  27  i-'arch  1975  dov.'niee  data  at  about  75  1-"..  Tiie  data 
rctfuiros  tliat  ;juch  a mechanism  must  produce  a column  source  of  excitation 

O ^ 

of  about  0.2  ercs/cm*^  sec  v/ilch  is  confined  to  a narrow  layer  which  peaks  near 
30  rur:  altitude. 

We  considered  several  candidate  mechanisms  such  as  (l)  a hard  particle 

flu.i,  (2)  H + 110  — + 0.  (5)  tr.ansTJort  of  U;,  by  winds  from  distant  auroras, 

and  (4)  the  reaction  Oli(v)  4 N...,  — Oil(v-l)  + which  taps  tlic  OH  aiiy^low 

encrc:y  source.  'We  now  believe  the  OH  mechanism  is  most  likely  respcnsible  for 

the  feature  which  occurs  in  the  27  Marcii  ly75  dowTiict;  ilita.  W'e  will  elaborate 

on  ti.ls  point  in  Cectiori  5-5  below  whore  we  discuss  4. 5 pj:;  senith  railL.'Uice 

data  obtained  on  11  April  1974  under  (juiet  niijht  time  conditions.  Tlieae  data 

also  shov/  a feature  near  'To  km  wrtiich  is  similar  to  that  observed  in  the 

2'('  M'lrch  1975  data.  In  fact,  in  the  ensuint;  discussion  we  will  show  that 

similar  evidence  for  an  011^  driven  C0„  4. 5 pj:,  airijlow  also  occurs  in  data 

d 

obtained  6 Plarcb  i'975  > 25  i'obruaz’y  1974  ;uid  jirobably  also  in  the  upleg  data 
obtained  21  I>'a.rch  1975. 
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j) . -j  Kvi  u.i*  I ri  V Obt.Miin-‘d  -1  April  l)f *• 

One  oi’  the  ICE  CAT  jU  ^joala  to  obtain  a pj:  zenith  radiance 
prol’ile  'jnd'.’r  Maiet  conditiona  ao  that  there  would  be  nc  aii'nificant  auroral 
ccimioncnt  in  tiic  data  thua  obtained.  Eie  oveninc  of  11  April  197^  taa  rela- 
tively I'ree  of  auroral  activity  ao  the  "quiet  conditions"  rocket  was  launched 
that  evonlnr.  A prelininary  version  of  the  'i.J  mu.  zenith  radiance  data  are 
ahowj!  on  Fij'ure  6.  'Ilieae  data  v/ere  provided  by  lied  Vflieeler  (Reference  lb. 
private  communication.  L'/fG).  A final  version  of  these  data  will  soon  be 
publisiied  in  a report  (Reference  17)  by  Ifnceler.  In  the  preliminary  data  it 
appears  tliat  there  is  an  altitude  independent  background  of  about  U.5  MR/ pjr. 
which  e.xtends  on  up  to  apogee.  The  background  is  pjrobably  an  artifact  rather 
t.nan  at.'josplicric  enisslon.  Tills  altitude  independent  background  certa'inly  is 
not  due  to  air.blent  CO^  emission.  In  order  to  get  the  quiet  night  C0„  zenith 
radiance  we  are  justified  in  subtracting  the  backgroujid  4.5  MR  pi;.  from  the 
data,  no  natter  vrtiat  the  origin  of  the  backgroimd.  Tlie  result  is  labeled 
"data,  background  subtracted”  on  Figure  6. 

We  obtained  ACL  meteorological  data  (Reference  l3)  up  to  60  km  altitude 
for  the  evening  of  11  April  1974.  Above  60  km  w'c  joined  this  data  smoothly  to 
ail  April  65°N  model  G.  V.  Groves  (Reference  1',‘.  AFCRL  Report  70-02ol)  as 
shown  in  Fi/iure  7.  'Bic  temperature  data  shovm  on  Figure  7 are  necessary  to 
calculate  the  non  LIE  ambient  night  time  thernal  4.5  pji:  zenith  radiance  profile 
wi.lch  is  due  to  emission  by  CO^. 

Tlie  re.sults  of  the  non  L'ni;  thernal  radiance  calculations  are  compared 
with  the  background  corrected  dzita  on  Figure  8.  Two  calculations  are  shown. 

Tlic  one  labeled  "B"  eriploys  an  approximation  to  attempt  to  account  for  the 
effects  of  the  altitude  varying  temperature  dependent  change  in  band  and  line 
shape.  Tills  ai)proxinatlon  involves  multjplying  tne  contributicn  to 
G (fJo)  from,  carthsiuno  by  a facUr  Bj^(Tj^.  T(z)  .Nj^-N(z)  ) wisu’e  T^  is  the 
tcjnperature  at  z,  , T(z)  the  atmosjihcric  kinetic  tenq>erature  at  alti  tude  z. 

Ij 
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MH/nm 


H(-i)  = J dslCO^J  and  = N(z^).  Bic  factor  ic  given  by 

v"  r ^ ^ r /A^ 

2 i:j{z)  1 7-cp(x/A)  e 

J=0.2 

R “ AT,  (aN) 

U 


T_^  = t 


A = /T(2)/\  • 

i-t;'.er  quantitieJ  tiiat  appear  In  equEition  (8)  arc  defined  in  KJ. 


Data  and  theory  are  witliin  a factor  O.fy  agrcemeni;  below  z YO  /Jr. 
altitude.  Considering  that  the  overall  calibration  of  the  CVF  is  about  1 
and  also  considering  tliat  an  overall  cliango  of  D.t°h  in  the  teti.porature  profile 
can  cause  a ICtp  change  in  h.^  jan  zenltli  rad-lanco,  tile  agrooment  for  s 70  is:, 
botwoon  t);c  data  and  calculations  as  siiown  on  Figure  8 is  quite  good. 

Tile  quoted  accuracy  d for  tiio  CW  calibration  allows  us  to  reduce 
ti.c  data  by  tiie  factor  0.6^.  In  tiiis  vray  data  and  tiicory  rray  be  brought  into 
agrcctiicnt  in  the  region  z < 70  tar:.  Centered  at  about  32  Fsii  tlioro  seems  to  be 
a contribution  o!‘  approxinutcly  10  ' w era  ■“  sr  b.5  MJ!‘  senifh  radiance  data 
tiiat  can  not  bo  oxjilalncd  as  tlie  result  of  CO,,  (OOl)  excitation  by  tlie  standard 
(i'jJ)  ambient  night  time  thcrnal  mecianlsms:  collisions,  absoiqition  of  cartli- 
.iiine  and  radiative  transport.  Wc  utilised  a steady  state  soui’co  model  for 
excitation  “ x ■■  wncro  x = c ‘^)/^*  vrhorc  H = 6 km.  By 

adding  tlie  radiance  predicted  by  this  model  to  tlie  ambient  calculation  (either 
A or  B in  Fifi^iro  8)  we  achieved  an  acceptable  fit  with  the  ilata  for  an 
integrated  excitation  source  J dx  (iwf,  =“  O.O67  ergs  excitation  per  cm^  sec. 

Next  wc;  studied  the  question:  Wliat  mocdianlsm  is  rosponsible  for  an  N^  coluimi 

/ 2 ^ 
excitation  of  about  O.067  ergs/em'  sec  that  occurs  in  a narrow  layer  which 

peojes  up  at  about  82  km  altitudcV 
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V/e  conjideroU.  Jcveral  mociianiam::  to  account  for  .'such  a courco  of  N* 
excitation  (coc  Gcction  5-2  above).  Bic  only  mcchaniGm  promicing  enougn  to 
warrant  diccuGGion  here  iG  the  OlT  driven  mechaniGn.,  that  iG: 


N,,  + 0H(v)  - n);  + OH(v-l) 

L.  C. 

(9) 

wliero 

th.e  Ost  is  initially  pi-oduccd  via 

or 

H + 0^  - Ojf  + 0., 
3 2 

(10) 

HOg  + 0 --  OH^  + Og  • 

(11) 

Tiiere 

are  two  reaaona  for  considering  tliia  mechaniain: 

(a)  Thie  02  kin  peai; 

altitude  requirement  could  be  nearly  Gaticfied  by  reaction  (9).  Tlic  altitude- 
dependence  for  OJl'*'  emiGGion  pealiG  up  at  =”  84  kiti.  We  expect  then  that  the 
altitude  w!:erc  peak  quenching  of  OH^  occutg  would  be  Gomewhat  lower  tiian 
34  Ion.  (b)  Tiie  total  cnergy/cin  Gee  produced  by  reaction  (lo)  and  (ll)  exceedG 

O 

the  =“  0.067  ergG/cm*"  gcc  vrtiich  iG  required  to  e;qjlain  the  "knee"  in  the 
11  /^-ril  1974  data. 

We  diGcuGGod  thia  mechaniGm  with  Dr.  A.  T,  Stair.  Tliis  v/aa  very  uaeful 
Gince  Dr.  Stair  waa  able  to  rapidly  identify  the  neat  up  to  date  literature 
on  reactiona  (9)  tiirotigli  (ll)  and  on  the  Einatcin  coefficienta  A « for  emiGaion 
by  OH  . lliuG  'we  were  able  to  do  a preliminary  calculation  of  the  rate  of 

c. 

production  due  to  reaction  (9). 

liicre  are  numeroua  meaatircmentG  of  OH  airglow  volume  emiaaion  ratea 
available  in  the  literature  (Reference  20,  Baker).  To  inveatigate 
the  0H(v)  ■<-  N„  -•  OIl(v-l)  hypotheaia  we  arbitrarily  selected  tlie  airglow 

OH  Av  = 2 voluirie  emiaaion  rate  veraua  altitude  e(Av  = 2,z)  reported  in  the 
literature  by  Rogers  et  al.  (Reference  21).  Tlie  measured  volunie  emiaaion  rate 
publiahed  in  fiefercnce  21  waa  m<,-a3urc-d  with  an  inatrumontal  pasaband  tliat 
tranamita  the  OH  AV  - ' sequence  bands  *-*;  , 'j-*l  and  2-*0  (Reference  iw)  . To 
eatimate  the  correaponding  altitude  dependent  production  rate  (JNit(a)  = 
e(Av  = 2,2)  < k,^A  > [N.,]  requirea  a knowledge  of  the  rate  eonatanta 
for  reactions  ( /)  and  (lO).  Eor  the  purj)o3e  of  our  diacuasion  here  in 
Section  J.J  we<  will  label  these  rate  eonatanta  and 


A knowled^'o  of 


bi.u  Ein.;toiii  coclTiciunl^.J  iy  a I’c  r radiative  decay  oi‘  01l(v  to  OH(v”)  ij  al.'.o 
required.  In  the  initial  anaiyuin  we  prcaont  here  v;e  j?;all  neglect  prcducuicn 
c r 01i(  . ) excitationa  by  reacbion  (rl).  Ti-o  ratej  2 s v ^ can  bo 

ol.  Gained  iron.  Polanyi  »‘t  al.  (Reference  2y).  Inc  rauoj  can  be  obtained 
fro:;,  dtr.-it  and  Jchiuton  (Reference  2^0  for  ^i-  -s:  v < •.  I.  C.  Jaii.ee  recon.monded 
the  A“  » calculated  by  F.  11.  Mien  (Reference  21  ). 

V 


Bie  value  < R^/a  > [IJ^]  is  civen  by 

< yA  > [N^]  = ‘\-2 

wliere  the  2^  = [Oll(v)]  are  the  populationa  of  OH(v),  For  v = 9 

V = -'2^)  (^2) 

V V 

where  A - Z A «.  For  aucces.clvely  Jiialler  values  of  v the  T.  are  riven 

^ V V ^ 


Vi^ 


A 


Ry(v)  [N^]) 


(13) 


For  the  purpose  of  completint;  this  preliminary  caleulation  we  extrapo- 
lated values  for  Rj^q(v)  for  v - i and  kg(v)  for  v < 4 from  the  data  of 
References  29  and  24,  respectively,  'flie  data  and  tne  extrapolations  are  shown 
on  Firure  9.  We  should  note  that  the  R,,(v)  reported  by  Reference  24 
are  OH  deactivation  rates.  In  their  experiment  they  were  not  able  to  trace 
whether  reaction  (y)  proceeded  by  vt,  vr  or  w.  In  our  calculations  we  assume 
that  the  k.,^(v)  are  vv.  The  results  Qj^(z)  are  shown  on  Figure  10.  Bie  colunai 
N*  production  f d2  .j;  =-0.14  ergs/cm^  sec. 

t- 

In  Figure  11  we  show  a curve  labeled  "U"  which  is  the  ii.ponent  of 
4.3  pn.  zenith  radiance  that  results  from  the  Initial  Nf,  excitation  source 
shown  on  Fi»qire  10.  Tlie  points  X shown  on  Fiiqure  11  are  the  best  fit  to  the 
11  April  1974  4.3  pill  zenith  radiance  data  of  a linear  combination  of  the 
anibient  radiance  curve  A and  ttie  curve  U.  Tlie  data  liave  been  reduced  by  a 
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Fi{j;ure  10.  'Iliu  aititudo  prol'ile  ot'  Qj,j^_(z)  the  initial 

4-  ^ \ 

excitation  of  via  W transfer  from  OH  . 
ilic  units  arc  (l^/t)  x LO^  N.^  vlbrati  nn  I tiuantu/cm^ 


sec . 


str 


I'actor  0.65  in  order  to  a,^ree  v/lth  the  amlient  calculation  at  tiie  lower  end 

01'  the  altitude  jcale.  Tlie  component  U had  to  be  multiplied  b.v  a i'actor 

( .0'/8/l . I-)  to  achieve  tiio  lit  auown  on  Fi^pare  11.  E.is  mcana  that.  ; ,ivc-n 

t.'ie  altitude  dependence  for  IJ„  jiroduction  via  vv  tranafor  fre.m  OK  v/.hic!  la 

^ '2  ^ 

oliora  on  Ficui’c  10.  tnat  .0?8  erg.i/cm  .:ec  coluirji  production  ia  required 

to  beat  fit  fne  data.  Tiiua,  for  the  shape  of  Q^*{z)  as  the  result  of  reaction 

(9)  as  shov.Ti  on  Figure  10  it  ia  required  that  j da  = .07^  ei’ga/cm^  sec  in 

^ 2 

order  to  beat  fit  the  data.  H.ia  ia  very  nearly  equal  to  the  0.007  orga/c:i; 

sec  wiiich  is  required  if  \ie  arbitrarily  act  Q.j^  « xe  aa  discussed  above. 

Tile  excellent  quality  oi’  the  fit  also  argues  tiiat  the  altitude  dependence  of 

the  profile  is  what  is  required  to  explain  the  "iiiee"  in  the  11  Ajiril 

. t- 

lf{k  data.  V.'e  believe  the  excellent  quality  of  the  fit  partially  justllies 
O'.iT  assu.’.'.ption  that  the  reported  by  Gtreit  and  Joiinston  are  indeed  the 

re.iult  of  a vv  process  rather  thrui  vt  or  vr. 

In  conclusion,  wo  believe  t)ie  OK*  + — ul  mechanism  is  mx’St  likely 

C.  ii 

responsible  I'cr  the  "knee"  in  the  11  Ajiril  197^  iti  aenith  radiance  data. 

<:  natter  siiould  be  peraued  in  more  detail.  Tfiis  should  include  a more  tnoroug.h 

y / 

literature  search  for  more  accurate  values  of  k-^v).  k,  _(v).  A « and  "T  in  the 

9 10  v V 

OH  airglow. 

In  the  discussion  that  follows  wc  shall  point  out  cerrobativo  nanifesta- 

i ^ , 

tions  of  wiiat  appears  to  be  evidence  for  an  OK  + Hg  — H.,  — CO^  A.y  pj;.  airgicw 
in  data  obtained  2'j  February  l.i74  and  6 I-'arcli  i/,'9,  fne  evidence  manifeatod  by 
tbo  6 March  1979  data  is  particularly  convincing.  V/e  have  also  mentioned  ti.at 
the  dov/nlcg  27  i-iarcli  iv75  data  show  aindlar  evidence.  Vc  believe  that  tlie 
27  Farch  197^  uijlog  data  might  also  show  evidence  for  the  OH  related  pi:, 
airglow  if  these  data  were  to  be  reexamined. 

9 . 4 Kvalu'it.l  111  f rvita  Obtained  . 9 February  197 4 
Ttie  4,9  urn  Zenltb  Radiance  Data: 

A finaJ  version  of  tlie  [Js.  zenith  ladi.ance  data  obtained  29  February 
1974  was  kindly  provided  to  us  by  fl,  Gricder  (Reference  20). 

Tticse  data  will  .sor^n  be  publisiied. 


H. 


r:.L  pu.-  R..-a  Input  Modf.l  (ERP.;): 


?cv  Ur.iJ  event  joanninr;  photometer  data  are  irir.-.jt  'j.neful  i’or  cotutructin:', 
an  on<'r.-y  input  mouel.  Tlii-J  is  becauJ.  radar  (Reference  27)  and  utarine  pnotr- 
metcr  (Reference  2")  viewiiii:  dlre’Ctionj  were  not  exactly  coincident  with  the 
uplci:  rocket  penetration  (entry)  at  100  k:;i  and  certainly  not  crincident  v;ith 
t.-;e  dowilei:  100  lor;  penetration  (exit)  point.  Tiierc  were  available  nowever 
(Reference  2y)  tabulations  of  ccannin,';  jihotometor  data  taken  at  the  rocket 
entry  and  exit  ijclnt.’.  for  some  f minute;;  prior  to  launc;  . 'f.ese  data  arc  shown 
in  'fable  2.  Inspection  of  data  records  obtained  prior  t<.-  minutes  x^relauncii 
shewed  thf're  was  not  crinuch  energy  deposit  to  significantly  iinjiact  the  observed 
pi:,  radiance  jirc  files. 


In  order  to  construct  tlie  time  histories  of  energy  deposit  q(s,t) 
pertinent  for  entry  and  exit  points  froii.  the  pnotomotric  data  v;e  used  methods 
described  by  Rees  and  Luckey  (Rcfor'once  jio).  Basically,  the  ratio  R„._  = lo/ln 
of  the  auroral  6^0  I brigtitnoss  -irr  1^^  tray  be  used  to  obtain  the  apprcxiiiato 
altitude  dependence  q(x)  of  the  deposition.  B.c  absolute  ma;jnitude  of  the 
A brigutness  nay  be  used  to  e btain  the  coluiui  deposition  j dr;  q(s). 


Wo  will  briefly  describe  the  procedure,  the  quantities  ■iV'  I and  wr  I 

o “ 

are  the  (’round  basi;d  observables,  fliese  arc  the  6j500  A and  hsyS  A auroral 
i:reund  based  obsoi'ved  bi’ightnessos  after  corrections  are  made  for  atmosplieric 
attenuation,  iron.  the;'.o  obsei'vables  v/o  can  form  tlio  ratio 


Next  tiie  energy  parcj.  O (units  kev)  nay  bo  obtained  via  the  ajiproximation 
in  (a)  = .piikBlO?  - .^6261/.)  in  (R^^) 


We  assume  cp(K)  « K e 


s.  13  = 


13  = 2a.  Ajjproxirrate  values  for  the 


altitude  z (K)  where  q is  rnaxlmuin,  and  for  and  s the  altitudes  below'  atid 

P ii  H 

above  wiicre  q l.i  ^ maximum,  may  be  inferred  frt.m  results  pre.sentod  by  Roes 
(Reference  51).  Ihesc  are 


•’7 


jUr 


'lUbio  2 

ri.u  observed  (Roi’t-rence  2[:)  brit^htneaG  i.ijtorioj  4n  Ir(i.  ) at  6j500  A 
and  4tt  1^(1 at  3^'l4  A i‘cr  the  February  1‘J74  entry  and  exit  pcinta 
are  Hated  ii;  2a  and  2b  below.  TtiO  time  t'  la  li.eaaured  backwarda  I'roi;. 
rocket  penetration  time. 


2a 

2b 

ndnutea 

kR 

.T.inutoa 

kR 

t' 

Im  1^;' 

. / 

0. 

1.2 

10. 

0. 

1.1 

6. 

0.'! 

i .5 

25. 

0.88 

1.5 

20. 

2.05 

2.8 

55. 

i.55 

2.1 

11='. 

2.28 

2.1 

55. 

1.85 

1 .0 

10. 

*'  . 

1.6 

52. 

2.67 

0.8 

/• 

0. 

5.62 

2.2 

45. 

5.57 

1.2 

11. 

4.28 

i.b 

16. 

4.05 

2.7 

57. 

4.57 

1.2 

16. 

6.17 

2.2 

11. 

5.20 

1.4 

6. 

* . 

1.6 

''.10 

0.8 

11.00 

C.6 

2. 

(kjTi) 


K (kov) 

•7 

“L 

1.00 

156 

1.65 

155 

5.00 

110 

40.00 

88 

170 

255 

l46 

185 

117 

125 

92 

100 

For  yiven  E = 2a  wc  can  intorr)olate  to  got  z,  . z and  ^ 

— 7— r L p H 

= (-p  - Zp)//in(2)  and  = {z^  -Zp)/ln(2).  V/c  apprcxinate  q(z)  by 

( \ ~ . 
qU;  = e lor  z ;■  z 


V/c  doi’ine 


:.md 


q(^) 


I'or 


< z 


P 


^ = 

where  and  are  derined  by 


'•'il  p ■ . 

- — T—  J qU)  . 

'"II  ' 'L 


1 ^ 


dz  . 


and 


We  got  J dz  q from  hv:  . . J dz  q = Un  'U‘<^  an  approxin^ate  :uialytic 

oxpreanion  for  (unit:;  kR  of  4278  ^./crc  depoziticn)  nay  be  inferred  from 
Reference  thia 


Sp  ^ i3  + .ju^  l.i(u/lO.  )/ln  (,.rif)  for  u:  > 10  Kov 

€p  = ,i6,  .oV3  ijifa),':!!  (k •'  fox  a<  lo  kcv  • 


and 


i? 


Biua  for  any  pair  of  values  'tn  and  )+n  an  ai^proxiraiion  to  q(s) 

:iay  be  obLained.  Vfe  note  tl:at  the  scannlnt’;  jihotonieter  values  4tt  I ' and  bn 

1\  B 

listed  for  the  entry  and  exit  points  in  Reference  2b  are  uncorre-cted  for 

atmospheric  attenuation,  and  the  listed  in  Reference  2'J  are  for  ibl^  A not 

‘>27°  A radiation.  Tims  to  get  the  attenuation  corrected  values  for  er  and 

^n  for  6300  A and  4273  we  apply  a multiplicative  correction  tc  the 

observations  -tn  i ' and  -fn  l' 

K is 


Wo  used  the  values  = 1.26 . f^  = 2.09  for  the  entry  point  and  f^^  = l.yS. 
fg  = 2.33  for  the  exit  point.  fneso  values  were  calculated  on  the  basis  of 
atracjjp)icrlc  Rayleigli  and  avera.;<'d  aerosol  attenuation  data  t.hat  are  listed  by 
Elteriitn  ( Reference  32 ) . 


In  ri.^ar'j  12  we  si.i.w  iwc'  di. pr  sitlrn  pri.  files  pCs)  for  2f  Februai’j  ' lyJf, 

^ :3 ' iff-  at  t.’.f-  en'.r.v  pc  int.  Otie  of  tnese  Is  calculated  via  sfa)  - a • 

c o 

w.'.'-i-''  tee  electn  n Jen.. ’it., ' n^  r.btained  fro.a  trie  ii,cc.;.'  r''nt  .Jeatter  radar 
data  as  reprrb-d  In  Rcfer-nce  27  and  thcjrefore  is  actuail,'  the  value  of  n 

e 

t:.at  f'btalns  at  a pc.'..;tion  dl.jplaced  by  about  13  i.i:.  fr<  m tc.e  rocr.ijt  entry 

pf.int.  '*’■  use  a value  for  effective  reirc'ii.binatic  n coefficient  a ebtainod  fr. 

c 

’■■■b.a.v/ar  c‘  ai.  r.ei'erer.o-  53)-  ■ other  pr.d'iie  is  .c'aii.ed  fr.ii.  tse  -.alues 

^ i'C]iorte'd  for  t!ie  entry  point  for  2*'  Feb- 

ruary ib74,  7:3'  UT  in  Refere-rice  2j.  Tno  agreement  in  i(.:)  det.'rmined  frc  ;n 
tr.ese  indejH'ndent  .lata  is  satisfacte.ry  consideririi'  that  tiicre  is  .:on.e  iat'sral 
seTiaration  as.;ociat'-d  with  the  aj.piicability  c.f  tlie  two  data  sicts,  and  cct.- 
.sid'-ritig  there  is  uncertainty  in  the  factors  f^^  and  f^  whicc.  ar.’  strrr.,:ly 
dcjpend'.Tit  on  conditions  of  atctosiih<-ric  visibility.  iV  cur  hnowledce  atia  s- 
pheric  visibility  was  not  raoiiitorcjd,  hence  in  lieu  c f anythin.;  better,  w.  wor.' 
forced  tc.  use  the  averaged  modc.'l  atrrxs.ijihoric  aer.  si  1 atti-nuation  tnat  is 
lis.ted  in  Ref<;r.  nce  32. 

In  order  t.  obtain  tiie  2h  Febi’uary  1 '74  4.3  pri  aurc  rai  senitli  radiatice 
profiles  it  is  necessary  to  generate  tt.o  auroral  inlionxv.eneous  ti-rms  for 
eqiuations  (C)  abc.ve,  these  ai''- 


i 


T 


2/25/74,  7:38  UT  AT  lUO  KM  KN'l'UY 


lOOK.M  1 U>  1^0  >■'<" 


ri,;ure  12.  q(z)  Tor  Y:>8  UT,  7':  lM-i,r>a;iry  l 'V'»  at,  Tx)  i-jr.  etiLry 

I'c  iiit  aa  clorivcd  l'ro:n  (l)  tin!  t jjticai  (.kiUi  in  Rol'i-r’-ncc  2'J 
aiid  (u)  I’iidar  dat:i  from  i(cf<'rcncf  . i'  -uid  tli.'  idTectivo 
rocnwbi nation  coefficient  a^.  from  V,'ick-v.-u-  et  aJ  . 

(lieferunce  ^ji). 


uj  it  necoGJu-ry  to  generG,te  a time  history  q(z^,t^)  oi  energy  deposit  in 
"lie  vicinity  of  the  entry  and  exit  points  at  each  of  26  altitude  mesh  points 
iliO  time  iiistory  should  extend  back  in  time  for  about  1 hour  or  at  least 
■until  ■auroral  activity  has  become  negligible.  In  order  to  obtain  the  TDT 
solution  for  equations  (6)  it  is  necessary  to  co.’^qiuto  the  integrals 


T.  . 

'ij 


-x.t' 


(H) 


In  nuiriorically  computing  the  integrals  in  equation  (l4)  it  is  necessary 

to  evaluate  q(z.,t/)  for  each  integration  inoshi  point  t/.  lids  v/as  ac.hieved  by 

determining  -itt  I,^(t/)  and  4n  l'(t/)  by  linear  intertiolation  fren:  the  approxi- 

:;utc  data  sets  whiicli  cure  listed  in  lables  2a  and  2b.  Tsese  apprrxiiiate  data 

sets  are  i.ased  cn  the  pnotometric  data  appropriate  for  entry  and  exit  points 

that  are  reported  in  Reference  29.  Next  q(z^.tj^)  iiay  be  evaluated  from 

■'tn  l/(t',  ) and  ^irr  l'(t/)  as  described  above.  If  t'  is  greater  than  the  largest 
K /g  B K K 

value  t^  that  is  listed  in  'liabie  2a  or  2b.  thien  4n  lD(t^  ) ^.nd  4tt  I (t^  _) 
t:ax  K xiax  a niOa 

are  used  to  generate  q(z..t/).  By  inspection  of  ttie  data  sets  in  'Cables  2a 

1 K 

and  2b  one  sees  ttiat  this  procedure  for  t/  > t'  accounts  for  preauroral 

^ K fr;CUC 

drizzle. 


Thie  solution  of  equations  (6)  then  is 


f . 

1 


K,,  • 


J-1 


3d  . 


Jk  ''id' 


For  a given  altitudf'  mesh  point  z^  the  fractional  populations 
f^(z^)  = [001],^/[C0g]^  anf  ) = [N^J^/LN^]^  are  given  by 


i ' i' 


f. 

1 


^ i-f26 


42 


J 


and 


Tilo  rrrvctional  poimiatlonj  ni'  Lne  weak  banda  arc  dotorrnined  fron:  cquatlono 

( I ) with  sot  to  zero.  Tiien  the  zenith  radiance  iri  eacii  band  R.  ray 

j i J 

be  confuted  via  eiiuation  ( %)  above. 

In  Tabic  3 we  shev,'  the  results  for  the  25  February  137^  uplet;  auroral 
radiance  coinj)onents  R.  in  each  band,  and  for  ER.  the  slut,  of  these  radiances. 

w t) 

wilieh  arc  obtained  by  tids  procedure.  'Biese  results  were  generated  for  a value 
e = 1'  .4  (Ng  vibrations/ionization)  although  we  shall  see  below  thiat  it  is 

necessary  to  use  e = 15.2  to  achieve  a best  fit  to  tne  25  February  lu74  data. 

In  our  discussions  in  this  report  whenever  we  refer  to  tiio  radiance 

component  due  to  a given  mcclianlsii.  (auroral,  airglow.  ambient  tncrruai)  we 

always  are  referring  to  IB.  the  sun;  over  all  the  C0„  v.  4.3  fir.  bands. 

J 

V/c  ilraw  your  attention  back  to  Table  3 in  order  to  make  one  last  point. 

Tiie  bands  j = 10  and  11  originate  from  the  upper  levels  02  1 and  10  1,  t.nese 

levels  tiiiiy  decay  to  000  and  emit  2.7  pr,  radl.ation  in  tne  process.  T!ie  relative 

eirdssion  at  2.7  pm  tuid  4.3  pn.  is  exjjected  theoretically  (Reference  8)  to  be 

4‘e  and  ‘j(/p  resijcctivoly.  By  Inspection  of  Table  5 one  sees  wo  predict  the 

4 

4.3  pir.  radiance  in  these  j = 10  and  11  bands  is  10  less  tnan  in  t;.e  x’usida- 

mental  C0„  (OOl)  - C0„  (OOO)  j = 1 band  in  the  region  z > JO  kr;.  Hence  2.'l  pj:. 

2 2 ^ 

zenith  radiance  fron.  these  bands  in  the  z > 'jO  kin  region  will  be  at  least  10 
lens  than  the  4.3  Itm  zenith  radiance  in  this  altitude  region.  Wo  conclude 
that  the  .slowly  decaying  component  of  2.7  M^n  radiance  whifdi  has  been  noted 
—(Reference  35)  in  auroral  data  jrobably  does  not  come  frt'in  the  N.,,  CO^ 
vieration  transfer  mecnanism 

jeOg  (100)  j |co^(io°i)( 

^^2  IcOg  (02°0)  ) ^2  (COg  (02*^1)  1 

followed  by  radiative  emission  at  2.7  Mx<’ 


(15) 


\ COg  (10  1^)^  ^ 


CO^  (02^1;) 


2.7  Mni 


unless  theri^  is  an  untixpecti.'d  quirk  in  the  relative  nagnitudos  of  the  vv 


r'-action  rate  constants  for  vibration  transfer  between  N,,  and  the  CO^  ground 

4. 

It-, 


ya..  T;ie  :iun.  cl'  Uie  h.y  lU'  aurc^rai  component  oi'  ieriita 

radiance  in  all  ol  the  CO^.  v--,  banda  .T.}^  R-,.  the 

I ' J ■ 1 d 

U.y  )!;:  auroral  radiance  cotipouent  in  L:ie  I'undamen tal 

band  Rj_.  and  the  h.y  radiances  in  the  fluorescent 
bands  j = 10  and  11  are  tabulated  iiere.  Tnese 
auroral  radiances  arc  calculated  for  q(z,t)  given 
by  our  BRUi  r.'iodol  for  tiie  2b  February  l'J7^  upler. 

A value  e =1  .4  ionization)  v.us  used  in  coii.piling 
these  although  we  show  below  that  e = lb. 24  is 
required  to  best  fit  the  data. 
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Jable  3b-  aiircral  radiance  crr:x)cnento  R-  in  tne  bands  J = 2 t:-rou,j;: 
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jtat'.'  jpecioJ  (OOO).  (lOO)  and  (020).  Tlda  quirK  rray  Lc  cxr<lained  a.;  rollcv/.j. 
in  our  calculation n (equations  (l)  and  (6))  v/e  nave  ass’ojricd  tnc  rate  constant 
for 

Ng  + [ J ] ^*  j ] 

to  be  identical  wltl.  the  w exchanyo  rate  for 

+ COg  (000)  - + COg  (001)  • 

Tl'io  rate  k„  is  about  10  kinetic,  thus  if  the  lar(j;est  conceivable  (if  not 

^ 3 

reasonable)  rate  is  used  for  reaction  (15),  i.e.  10^  k„,  then  2.7  Mi-  as  the 

2 

result  of  the  N_,  CO.-  vibration  exchan, :e  mechanism  v.lll  be  apprcxinately  10 
<L  d 

less  than  the  pm  radiance.  'Ihis  is  close  eno'jp;h  to  the  apjiarent  lorn:  term 

2.':'  pit:  aui’oral  component  data  requirement  (Reference  35)  tiiat  the  lonr  ter:i. 

2.7  Mil-  auroral  radiance  is  a factor  10  less  than  the  4.3  pit-  radiance  so  that 

•nerhans  the  N_,  C0„  vibration  exchanfje  mechanism  for  produciuj  aurcivtl  2.7  Mi’- 
“ d d 

radiance  i:iii:;ht  -^larrant  a little  iriore  careiiil  attention. 

25  Febr’aar.v  ri74  Uuled  Data  Evnlutitijn: 

In  Fitairo  13  we  show  the  25  February  19Y4  upleg  4.3  pj-.  senith  radiance 
data  compared  with  our  calculations.  Tlie  data  are  the  cuir/e  labelled  D.  Ti.e 
auroral  conijioncnt  of  4.3  pit-  zenith  radiance  is  calculated  from  a TDT 
solution  obtaimtd  from  the  time  history  of  photometric  data  in  lb.ble  2a  via 

the  1'RI.V  capability  to  voncrate  q(z,t^  as  discussed  above.  Witr.  this  liRL'-! 

(•enerated  model  q(s,t^)  it  is  necessary  to  use  e = 15.24  (U..,  vibrational 
quaiiUa/ionisation)  tc  obtain  the  nagnitude  of  Au  as  shown. 

Our  calculation  for  t(ie  4.3  pii  zenitli  radiance  component  due  to  ambient 
thicririal  mechanisms,  collisions  and  absorjition  of  earthshine.  must  be  multipli'-. 
by  the  factor  10  to  keep  it  on  scale  in  Fitairo  1;.  Ttiis  coiiponent  is  labelled 
A^^(xlo).  Tlic  ajnbient  thermal  radiance  A^  is  calculated  on  tlie  basis  cl'  AfL 
meteorological  rocket  data  on  atmosi)heric  tomi)erature  and  density  obtained 
25  February  1974  wtiich  were  kindly  provided  by  R,  0.  Olsen  (Reference  ;'4). 
TIiose  data  extended  up  to  60  km  altitude.  Hie  comjilete  teii^iorature  profile 
was  obtained  by  snoothly  extrapolating  from  the  Afb  data  near  00  kir.  to  the 
Groves  65° R March  mesopuuso  temperature  model  exactly  as  was  dcsie  tc>  obtain 


80  KM  90  100  no 


Fil^iro  'li'j  Febi-uary  V'/lk  upioi:  -t.5  (im  iienith  radia-.  ■ data 

(Cu.-v"  D)  .'iro  corr.^jar'.'d  wiUi  curvi-.'j  A,  ’ ae  i'KlK  iaput 
”alculation  x'ci'  ti.c  auroral  ccn.j'Otif'nt  fa 
radiance.  OH  the  calculated  ccrnietient  du”  '•  Vi;i’atioti 
trariCfer  irem  OH*  , A„(xl0)  the  ainl  ieut  t:.’/i-ii.;i.l 
coii5»onent  multi})lied  by  a I'acter  10  ao  that  it  is  on 
scale,  and  T^,  the  suin  OH  + t A,,,. 


a tcir^jcrature  proi’ile  I’or  the  11  April  197^  data  as  illustrated  Ly  Fi,-uri-  i atovi 

"9  -2  -1 

We  note  the  sum  A + A is  4.3  x 10  v;  cni  sr  at  3 = '4  ;Jt  but  the 
u m „ 2 ^ ^ ^ ^ 

datum  at  3 = 2,4  kni  is  7.8  x 10  v cm  sr  . li'  we  compute  an  Oh 

COg  4.3  pi:,  radiance  component  i’rom  an  rj^  excitation  source  tnat  is  cbtalne  ■ ■ 

multiplyinc  the  shovm  on  Fijpiro  10  by  a factor  . i3  we  obtain,  t ,c  4.;  tr 

zenith  radiance  conponent  v/hicli  is  labelled  OH  on  Fitpirc  1;'.  Tnis  v !.iire.: 

, 2 * 

- V.  , crgs/cir.  sec  of  vibrational  ene->'gy  transfer  fr..r  u '.L . 

Tile  curve  labelled  (for  theoretical  coiiposlte)  is  ti.c  su.i.  ci'  bhe 

curves  A + OH  + A . Hie  fit  with  the  data  is  reasonable  as  are  tot  ri.ysisal 
u m 

rcquire.mcnts  e = 15.24  li  vibration  quanta  produced  per  ionizaticiis  event  'Uil 
^ 2. 

that  OH  transfers  0.L3  crj.:/ci;:‘"  sec  of  vLnratioii  enerr'.,  tf  1,  . 


We  looked  at  several  alternate  energy  deposit  ncdels  fer  t.ne  25  lebr'iary 
1974  upleg.  Hie  total  integrated  energy  input  v/as  held  con.jtant,  tliat  is  at 
any  time  t'  it  vus  required  that  J dz  q(z,t')  «=  4it  I (t')/e  (t').  f-.e  twi 
alternate  models  differed  from  the  model  we  described  above  t nly  in  the  s 
dependence  of  q(z,t). 


In  one  case  we  used  a quartic  fit  for  the  bottom  of  q(z,t^)  rather  than 
the  parabolic  bottom  as  described  above.  Hiat  is,  for  z < 3^  wo  used 

q = e 


where 


**L  ~ 


Wo  also  used  an  input  model  g(t')  q(z)  where  q(z)  is  the  radar  derived 
q„(z)  shown  in  Figure  12  and  with  g(t')  such  ttiat 

A 

g(t')  J dz  qp(z)  = Im  I^(t')/e^(t') 


Ro.Talt:;  for  tlie  valuoj  of  i))iyjical  parameters  required  to  achieve  a 
best  fit  to  the  data  by  addinn  A + A + OH  arc  listed  befr 

■'  ^ U It: 


Input  Model 


^^1 

ionization  j 


bKL’-: 


'Parabolic  Bottom 
•hiartic  Bottom 
i^adar  qCs) 


If  .24 
21.60 
19.  So 


. 'li 


Tl.ese  results  arc  reasonably  consistent.  Hov/ever,  tlie  modeliniT  of  the 

4.9  jjjr  auroral  zenith  radiances  for  ratlscr  narrc'-  discrete  arcs  sucli  as  is  the 

case  for  the  29  February  19?4  uplcg  would  certainly  be  more  accurate  if  lateral 

■/ 

tran.ny  rt  effects  such  as  lateral  radiative  plioton  diffusion  and  the  trans- 
pert  of  !1*  by  w..nds  v;ere  accounted  for.  'A.  accoiuit  for  vand  transpori-  of  Ib, 
requires  that  soiric  infor;:.ation  ori  vrind  fields  needs  to  be  provided.  It 
should  be  possible  to  obtain  some  ideas  on  v/ind  velocities  in  the  re,qioti  of 
t'.e  OH  airclov/  layer  peOi:  ('4  ij;.)  and  tiio  Na  airclow  layer  pear.  ('.'2  xurn)  frer:. 
."■''■ars'  y beam  piiotoinetric  data.  It  v;ould  be  a useful  exercise  to  obtain  tnesc 
w'ind  data  to  see  w;.at  is  the  impact  on  the  rnodclirif:  of  t!;0  4.y  pi:,  zeriitli 
radiance  diita. 


2S  February  l',‘?4  Dovmlcr:  Data  Rvaluatj  ir. : 

In  Fijpure  l4  wo  sliow  the  25  Febraary  1974  dovsiletj  4.y  pj:.  zenith  radiance 
data  compared  'with  our  calculations.  T)ie  data  are  the  cur'/e  labelled  D.  Tlie 
curve  D is  perforated  for  z < '35  IsJa  Tiie  rocket  tipiied  over  at  85  km  and  we 
are  cautious  with  regard  to  analysis  of  the  ckita  for  z < 85  rim.  For  this  reason 
we  did  not  attesrpt  to  fit  t!ie  tiata  for  z < 85  krrq  but  instead  concentrated  on 
analysis  of  the  data  in  the  ret^ion  z > 85  km. 

Bie  curve  labelled  BRIIUN  is  the  auroral  zenith  radliuice  conponent  cal- 
culated via  a IDT  solution  for  an  input  model  q(z.t^)  whiclr  is  t^enerated  by 
our  BRIM  capability  from  tlie  photometric  data  listed  in  Table  2L.  A value 
e iGjii  (lJ*y ionization)  was  n.Miuircd  to  achieve  the  fit  showji  on  Fi(pure  l4. 

This  is  quite  consistent  with  the  results  achieved  on  analysis  of  :15  February 
l'/('4  uplof.  data  as  re])orted  above. 


hi 


i 


Kli^urc-  l4.  A coi!.i>u,ri3on  oi'  ti.i-  i.  i-cii-jary  1_<74  dowi.let':  da' a {Curve  D) 
and  calcuiationn  (Curvi-  BRJi-ini)  laafd  r n rvu'  I'HIM  cncrf’iy 
inji'jt  iiiodel , aijd  calouiationu  (Curve  KKCIii)  bajcd  on  the 
MKC  input  modi-1.  Values  e = 10. P and  'aO  (.’ff,/ioni nation) 
are'  requlri.’d  I'or  tlio  two  ii.jiut  iKjdola  respectively. 


Wc  aijo  calculated  an  aurrral  coniponerit  wtiict.  la  the  curve  labelled 
m tiie  baaia  of  the  25  February  19?4  dowleg  input  model  propcaed  by 
i’arr  and  Archer  (Reference  12).  Tl.e  publiahed  NiRC  2^  February  doTOleg 
input  model  la  for  the  differential  apectruin  c (e)  of  tiie  precipitating 
electrona  w'dch  predcae  the  air  at  the  25  February  1/fh  downleg  100  km  pene- 
tration point.  B'.e  electron.';  are  a-cauir-cd  to  be  iaotropic  in  pitch  angle. 

Aa  a function  of  t'  (in  .aec)  the  NIRC  input  itodel  is 


-Y  -e/4  ' ° 

= 5.2  X 10  ' e ^ for  . 


;uid 


.-3 


= 10  for  E < 55  kev 

= 0 for  E > 55  kov 


t > ’/j 


for  70  < t ' < ■>5 


*"X  “1  ”1 

Ihc  unit.a  of  c;  are  (electrona  kev  aec  cm  ater  ) and  E ia  in  kev. 

W.  i'rancia  kindly  agreed  to  exerciae  the  li'tiC  AURORA  code  to  gener.  te  depoai- 
tion  profllea  q^Cz)  and.  q^(z)  from  the  c?p(K)  and  'P^(e).  fiiua 


q(2,t')  = qj^(z) 


1 0 < t ' < 70 


•und 


t'  > 95 

q(z,t')  = q (a)  70<t'<95 


aorved  aa  oiur  veraion  of  the  MRC  input  model  q(z,t').  A value  e = 9.6 
(U^/ ionization)  waa  required  to  achieve  the  fit  ahown  on  Figure  iU.  Phis  ia 
quite  reaaonable  conaidering  the  difficultiea  that  are  involved  in  deterndning 
for  what  ancunt  of  time  the  interujo  hard  apectruin  really  doea  doae  the  air 
in  25  Febiaiary  197 downing  region. 


Hie  BRD'I  input  model  calculation  peoka  up  at  oltituaea  higlier  than  doca 
the  data,  the  I>1RC  input  model  calculation  at  altitudea  lower  tiian  doea  the 
data.  Valuea  of  e are  rea.aonablo  in  either  case.  It  wouJ.d  appear  tlio  actual 
input  q(z,t')  liea  aomowhero  between  the  2 modela. 


ConclUoioti..:: 

Wc  wore  able  to  coii.il Jtcntly  model  tne  ui>lct;  and  dov/nley  dat-a  via 
oncriiy  input  models  ticnerated  from  pliotometric  data  by  our  BRII-’  capability. 

A value  e = 15  to  20  (H^/ ionisation)  was  necce.iary.  Tne  BRIK  model  appears 
to  t^cneratc  q(r,  ,t^)  tliat  are  too  hard  on  the  upleg  and  too  soft  on  t.hc  dovnileg. 
'Til;:  nuggeata  wc  uaod  too  j!ici,11  a value  for  atmospheric  aerosol  attenuation  in 
applying  attenuation  corrections  to  the  photometric  data  obtained  from  Refe- 
rence T'a  Ajiplying  a larger  aerosol  correction  would  mildly  reduce  the  values 
for  e ti.at  viould  be  required  to  achieve  a good  fit  to  the  data.  Tie  analysis 
I n the  25  February  157^  data  has  advanced  to  the  state  tiiat  any  Turther 
rn.'dciinf:  work  that  migiit  be  done  on  tiic  25  February  197^  data  will  iiave  to 
include  lateral  transjiort  by  winds  and  by  lateral  radiative  diffusion, in 
order  to  be  useful. 

'Tie  upleg  25  February  1974  data  in  the  region  s < 90  km  suggest  Uiat 
there  is  present  in  the  data  a eonponent  of  4.3  pm  zenith  radiance  tliat  would 
be  caused  by  a vibration  transfer  of  about  O.Ij  ti‘6‘^/cm  sec)  from 

Oli^  to  Ng.  Conflniatlon  from  the  downleg  data  is  not  readily  feasible 
(l)  the  auroral  conponent  of  the  downing  data  is  about  3- 5 times  brigliter  than 
on  the  ujilog,.  a fact  which  in  itself  would  tend  to  wash  out  Ol)^  driven  effects 
for  z < 5*0  kin  and  (2)  the  data  may  yet  be  suspect  for  s < 85  km.  We  believe 
some  further  analysis  of  the  effect  of  the  rocket  asjiect  angle  on  the  observed 
radiance  nay  be  warranted. 

Finally,  the  MRC  downleg  input  model  seems  reasonable,  althougli  the 
9^(e)  of  tills  model  appears  to  be  somewliat  too  liard. 

3.5  Analysis  for  Data  Obtained  6 March  1975 

'fwlligiit  and  night  time  4.3  jun  zenith  radiance  data  wore  obtained  in 
two  rocket  borne  radiometer  e-xperiments  launched  03:43:00.028  and  06;l6;30.020 
U'f  12  Marcli  1975  from  the  Poker  Flat,  Alaska,  rocket  range.  In  the  twilight 
shot  the  shadow  heiglit  (uncorrected  for  atmosiiherlc  refraction)  was  about 
12  km,  so  for  this  shot  the  4.3  pin  zenith  radiance  data  were  obtained  in  a 


oUlilit  atmcJi)hcre  Toi-  whic!'.  t'uc  joiax’  zenith  ancle  vra.x  greater  than  /f  . 

Data  relaxed  to  this  ;:olar  acnith  ancle  and  Ji.adov;  heieht  (roi'raction  corre'Cted) 
which  were  Kindly  provided  by  Gene  V/are  and  h,  Hxiiicr  (Reference  57)  are  ohowji 
in  'fable  4.  Mujnetic  and  auroral  conditiona  were  quiet  at  the  tinica  the  rocketa 
were  in  orbit. 


Tlxe  4.5  pjx  zenith  radiance  obtained  on  theae  rocket  aliota  'nave  been 
publialiod  by  Ulwick  and  Gtair  in  Reference  l4.  Vic  ahov;  theae  data  on  Fijprre  15. 
Tiic  data  act  ’:iarkcd  D,-  ia  twilicht  data  and  the  data  act  rtarked  D.,  ia  the  night 
tinjc  data. 


Tticoretical  curvea  for  varioua  incchaniaff.a  arc  also  plotted  on  Figure  15. 
Vic  ahall  diacusa  theae  in  turn  and  arrive  at  wiiat  we  believe  to  be  a conaiatont 
picture  for  the  intcrxjretation  of  the  i.iata. 


Tlio  curve  labelled  A is  our  calculation  for  the  radiance  coinnenent  due 

ITi 

to  lunbient  tlicrmal  meduuiiama,  colliaion:j^  and  abaorqjtion  of  earthahine. 
ia  calculated  on  the  baaia  of  an  atnioajiheric  tcKiperature  profile  derived  from 
ADL  meteorc logical  rocket  data  which  were  obtained  on  6 I-iarch  1975  up  to  about 
■ o k::.  altitude  (Reference  54)  and  th'=‘n  by  interpolation  from  60  kir:  u^x  tc 
altitude  85  kju  whore  tlie  Oil  rotational  tomjjoratux'o  20^ K,  appropriate  for 
06:l8  U'f  6 l^tirdi  17/'5  wore  obtained  fro::.  Vl:re  et  ai.  (Reforevicc  58).  Tlie 
curve  A, „ does  not  fit  the  data  act  D,,. 


On  the  baaia  of  our  o;tperiencc  in  dealing,  with  the  11  April  1974  data, 
t)ie  iff  I'larch  1'975  dovmleg  (anu  perhaj):!  upleg)  data  and  the  25  February  1974 
upleg  data,  we  were  tempted  t(  fit  to  the  night  time  data  D„  a x-adiance 
component  due  to  vibx'ation  transfer  from  OH  to  N„.  Tlie  result  is  the 


dashed  cuiarc  labelled 


Oli,. 


With  the  radiometer  calibration  as  stated  in 


Reference  l4  this  fit  requires  E,^  = 
of  vibrational  energy  to  IJg  from  OH^ . 


0. 


-2  -1 

ex’gs  om  sec  , f transfer 


Now  lot  us  con.nider  the  sunlit  data  D,^.  Our  pi'ciliction  for  the  zenith 
radiance  con^ionent  wtdeh  results  from  2 sunlight-tlx'iven  mechanisms,  namely 


Tablf  4.  An  oxorj/t  or  data  provided  by  Rcforenco  j57. 


6 tlflR  19?5 
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COOFUItaTTFS  FOR  POI'f  R f I RT,  PLUCPR 

LOTirUDC  = C5  1231'b  ULGRPtC  MOPTH 
LOfiOnUPC  = Id?  ■IS2:ij  LiFORCLC  lICCT 
ELL'VRTIOrj  = 0 20-113  K 1 1.  OUF  TE  RS 

COOPDIMhTFS  for  THF  sum  PT  OOH  0 MOR  liC’S  LIT 
GREEMMICH  SH'FRIhL  TIME  = lOH  52M  20  r2iiS 
RIGHT  FISCEMSIOM  23H  3M  07  700S  222  770S  E'ELTfl 

DECLIMHTIGM  = -5UEG  -55»M  -31  6003  130-f.  3005  DELTO 


UT 

hZIMUTH 

ELEV8TI0M 

2EM I TH 

flMGLE 

SHHDOM 

HEIGHT 

HR 

HIM 

SEC 

UEGREES 

[lEGREES 

DEGREES 

KM 

J 

00 

250  12 

-1  04 

81 

04 

0 

00 

3 

30 

00 

2b0  38 

-2  0 7 

32 

07 

0 

36 

3 

40 

00 

262  64 

-3  12 

8.'’ 

12 

•y 

32 

3 

SO 

00 

264  80 

-4  17 

84 

17 

8 

82 

00 

00 

267  16 

— c;  -IT 
N.'  C-  C. 

85 

22 

16 

21 

4 

10 

00 

268  43 

-6  27 

36 

O -r 

W 1 

25 

68 

4 

20 

00 

271  70 

- 7 33 

87 

y "> 
->  -> 

•> 

^ < 

36 

4 

30 

00 

273  87 

-8  33 

38 

38 

51 

24 

4 

40 

00 

276  25 

-8.  43 

88 

43 

67 

32 

4 

50 

00 

273  54 

-10.  4 8 

100 

48 

85 

56 

5 

00 

00 

280  84 

-11  52 

101 

52 

105 

84 

5 

10 

00 

233  16 

-12.  55 

102. 

55 

128 

40 

5 

20 

00 

285  4 8 

-13  57 

103 

57 

152 

80 

5 

30 

00 

237  S3 

-14  53 

104 

53 

178 

36 

5 

40 

00 

280  18 

-15  58 

105 

58 

207 

70 

5 

50 

00 

282  57 

-16  56 

106 

56 

237 

81 

6 

00 

00 

234  86 

-17.  53 

107 

53 

268. 

57 

6 

10 

00 

237  38 

-18  4 7 

100 

4 7 

302 

37 

6 

20 

00 

283.  82 

-18  4(1 

108 

40 

337 

54 

6 

30 

00 

302  28 

-20  30 

110 

30 

41 

W cm'  sec 


Fir..  15.  The  runllt  twilii^ht  U.3  um  zenith  radiance  data  points  Dt  and  the  nip.ht 

time  dark  data  points  Df;  are  compared  with  our  predictions  for  the  radiance 
components  which  results  from  thermal  collisions  and  the  absorption  of 
earthshine,  OUp  a component  due  to  OH(v)'C!(  contribution  which  is  obtained 
by  reducinp;  OHj,j  by  a factor  3i  S the  component  due  to  absorption  of  U.3  and 
?.7  nm  sunlif^ht  by  COp  which  is  followed  by  re-emission  at  l».3  jm,  and 
finally  the  sum  = 011^.  + S + the  total  predicted  radiance  for  the 
sunlit  twilight  case. 


I'roi::  abr'.cri'tif  n and.  rt -omi.Tislon  oi‘  oUiili(_’;l4t  by  CO^  iii  tho  band.;  J “ 1 

ti.rcui’i.  11,  ar:d  id'orr.  abaortiblon  of  2.Y  |Um  ::unlic;bt  followed  with  ,*6/'  proba- 
bility by  h.S  Hj:-  fluorescent  ro-omla.sion  (Reference  8)  in  the  bands  j «=  10 
and  11.  is  the  cinT.-c  labelled  C, 


Ln  order  to  calculate  the  contribution  due  to  absorjitlon  and  ro-oir.ission 
of  4. 5 Mir;  .simlight  by  CO^  to  the  radiance  con^onont  labelled  G on  Figure  15 
we  sot  (see  KJ  and  also  Reference  ?)• 


r (..t')  = (W  ON  (c,t')l  • 


(15) 


'Die  quantity  N.  (s,t')  is  the  colurtn  density  of  [j]  (where  lJ]  Is  the 

o'” 

i.Tound  state  CO^  sijocic  for  the  jth  CO^  band)  alon^;  the  line  of  si^ht  from 

altitude  point  s to  tho  sun  at  tiDic  t . Tlie  quantities  N.  (s,t^)  ci.rtngc  in 

time  duo  to  tho  earth '3  rotation  which  cau3o3  the  3un  to  3ct,  3incc  we  meajurc* 

t^  backwards  in  order  to  perform,  the  integrals  shoMi  in  equation  (l4)  tlie  sun 

actually  rises  as  t^  increases.  The  li  decreasi.;  a.:  i'  iner  jases.  /c; 

additional  ten;,  to  account  for  absoindion  of  2.7  |U'-  sunlic};t  w!iich  is  followed 

by  fluourescent  re -emission  at  4.3  pr-  imist  be  added  to  the  T],  for  J = 10  and 

J 

11.  'iliis  term  is 


= /r  F^.  x^.  /O. 


whore  F,.  is  the  siiectrai  solar  irradianco  near  2.7  (.ui;  (see  KJ),  X,..  is  tho 
‘•»J  J-'J 

2.7  pji.  CO^  e fold  Doppler  width,  ..  ic  the  Dc^pplcr  line  cente  r oro33  jcction 
& • / 

for  abaorption  of  2.7  M^rj  auiilitjiit  in  the  bands  j = 10  and  21. 


Since  we  are  using  the  approx irration  (k:,t^)  is  given  by 


V 


% 


For  the  rriatrix  i’orr;:uiation  (equations  2 throuf_;h  ^t)  of  the  Q,,  apprexi- 
:.'.ation  wo  act 

71. (t')  = T],(z  .t') 

J 1 1 

"l+26^"  ^ ° (2.,t') 

w 1 

With  the  inhoinof^eneouj  terms  defined  in  this  way  we  may  tvirn  tne 
numerical  cranh  to  obtain  the  solutions  f^  as  exjjlained  in  Section  JJ.'i  above. 
'Hie  variation  of  T|^(t^)  witn  \j'  is  the  result  of  variation  in  the  quantities 
N^y(z,t')  as  t'  is  numerically  stepped  backwards  from  time  0 until  the 
inte{:rand  in  the  numerical  calculation  of  the  inteijral 

-X  t ' 

71- j - i'o  ® 

becomes  negligible. 


by 


Here  vre  briefly  note  that  in  a static  approximation 


J-J 


would  be  riven 


\(0) 


1?' 

J 


(17) 


Wo  sliall  focus  our  attention  on  this  point  later  in  the  to.xt  since  it  turn.s 
out  to  be  a Tjolnt  of  interest  for  the  plaiuiing  of  future  experiments. 


We  return  our  attention  to  the  rationalization  of  the  6 March  197b 
data  sets  and  ttiat  are  shown  on  Flfp^re  lb . Tlie  radiance  component  due 
to  absorption  by  COg  of  sunlight  at  and  2.7  pit.  and  subsequent  re-cmission 
at  k.^  (jii;  (the  curve  on  Fi.’pire  lb  tiarued  f)  is  about  a factor  to  h less 
than  the  data  By  inspection  of  Fit^ro  lb  it  is  clear  that  the  ratio  of 

the  curves  D^/S  is  by  no  means  altitude  indei>ondent  over  the  regioji 
3o  < z < 110  km.  Tills  means  a simple  adjustment  of  the  radiometer  calibration 
will  not  result  in  agreement  between  the  data  (curve  and  the  sunlight 
driven  corrponent  of  oar  theoretical  prediction,  curve  S. 

Tliore  is  still  the  sunlit  cotiponent  due  to  vibration  transfer  iron.  OH* 
to  N_  (labelled  on  Figure  lb  by  curve  OH.)  to  contend  with.  According  to 

c:  t 


Gattim:cr  (Rercrence  ji9)  tlic  twilicht  sunlit  coliur.n  density  con^^onent 
should  be  about  a I'actor  5 less  tnan  the  night  time  Oli'*'  column  density. 

Ihe  curve  represents  the  night  time  zenith  radi.'ance  comiionent 

due  to  vibration  transfer  from  Oli*'  to  N^.  l^om  the  predictions  of  Gattinger 
(Reference  59)  the  sunlit  twilight  conponont  of  4.5  pn.  zenith  radiance  due  to 
vibration  transfer  from  OH^  to  lig  should  be  the  night  time  component  reduced 
by  about  a factor  5«  Tims  we  believe  the  curve  labelled  OH^  on  Figure  1^ 
represents  the  coi:ponent  of  the  sunlit  twlliglit  4.5  |jir:  zenith  radiance  that  is 
due  to  vibration  transfer  from  OJI^  to  Ng. 

Tlie  sum  of  curves  S + OH  + A is  our  prediction  then  for  t’nc  total  CO 

u rri  £. 

4.5  pj;.  zenith  radiance  for  the  sunlit  tvalight  case.  Tliis  sujn  is  labelled  T^. 

TVio  ratio  of  our  theoretical  prediction  to  the  data  is  essentially 
a constant  value  0.5  in  tlie  region  30  < z 110  km.  V.'e  tried  to  increase  the 
predicted  radiance  value  by  doubling  the  airount  of  COg  in  our  model  but  since 
the  sun  is  below  local  horizontal  and  since  the  COg  is  optically  thick  along 
tiie  path  from  the  sun  to  tlie  point  z in  the  region  8o  < z < 110  Ije  doubling 
the  airount  [CO^]  resulted  in  increasing  C by  just  a factor  of  approxiirately 
1.2  at  8o  km,  increasing  gradually  to  1.4  at  100  ksri,  and  then  more  slowly 
to  1.5  at  ll(0  km..  Gince  a factor  x2  cliange  in  our  model  for  [COg]  does  not 
appreciably  change  our  predicted  sunlit  driven  radiance  value,  it  is  rair  preli- 
miiriary  inclination  to  suggest  that  the  absolute  radiometer  calibration  may  be 
off  by  a factor  2 so  that  the  data  sets  and  Dj^  nay  be  reduced  by  a factor 
of  2.  Communication  with  D.  J.  Baker  established  that  such  a possibility  is 
net  inconceivable. 

Guch  a reduction  of  the  data  by  a factor  of  2 achieves  (l)  an  excellent 

fit  of  the  data  D and  theory  T for  8o  < z ^ 110  km,  (2)  allows  us  to  reduce 

^ 2 ^ ^ 
to  0.177  ergs/cm  sec  of  vibration  transfer  from  OH  to  Ng  in  order 

to  fit  OHj^  to  the  night  time  data 

We  are  not  concerned  at  this  time  that  the  ratio  T /D.  is  not  constant 

c t 

for  z 110  km.  To  accurately  compute  G in  this  region  requires  an  accurate 

58 
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model  for  the  temperature  profile  T(^),  ars  well  a.',  tnc-  corr5)utatic  r»al  facility 
to  deal  with  the  broadeninc  of  the  CO^  bandu  and  lincrj  wtiich  is  occurrintj  in 
this  region  due  to  the  rapid  incr'..'a.io  in  atnc>sy)heric  tempor'tt’ure  wiiich  occurs 
for  z > 100  km.  TVie  band  and  line  broadeninr,  s;'.culd  tend  to  increase  the 
radiance  over  what  we  predict  for  z ,■  100  kir..  For  the  computation  we  show  on 
Figure  15  we  used  a model  with  an  exospheric  temperature  of  1000° K. 

Before  closing  out  this  section  we  call  attention  to  Figure  l6.  On 

Figure  l6  we  show  two  calculations  for  the  siunlight  driven  cciiponent  of  cur 

predictions  of  the  4.5  (vi.  zenith  radiance  appropriate  for  the  sunlit  twilight 

case.  Tlie  total  complete  sunlit  driven  conponent  is  the  sum  of  the  radiance 

in  bands  J = 1 through  11  and  is  labelled  SR..  'We  also  show  the  radiance 

component  in  the  strong  band  and  the  radiance  in  the  sum  of  the  fluorescent 

bands  R^q  + calculations  apply  for  calculated  via  equation 

(l6)  (a  dynamic  calculation)  or  for  T|. . calculated  by  equation  (l7)  (a  static 

^ J 

calculation).  Results  of  the  dynamic  calculation  are  indicated  by  the  solid 
curves  on  Figure  l6.  and  results  of  the  dynamic  calculation  are  indicated  by 
the  dashed  curves  on  Figure  l6. 

Die  fluorescent  compionent  R^^  + R^^^  is  prompt  and  is  therefore  identical 

regardless  of  vrtiether  1).,  is  calculated  via  equations  (l6)  or  (17).  We  see 

J 

t)iat  R^  is  reduced  near  z =■  8o  kmi  in  the  static  case  comjjarod  to  the 

dynamic  case.  The  difference  in  IE.  in  the  static  versus  the  dynamic  case  is 

J 

mostly  due  to  the  static  versus  dy>^^i'''ic  effects  on  R^,  the  radiance  in  the 
strong  band. 

From  iltiure  l6  we  learn  that  the  weak  baiids  are  just  as  strong. 

J 

or  stronger  tlian  the  strong  band  R^  for  Uie  altitude  region  where  data  were 
obtained  in  the  sunlit  twilight  shot  on  6 March  1975.  We  also  see  tfiat 
conditions  of  solar  illumination  are  cJianging  slowly  enough  so  that  the 
dynamic  effects  are  so  mild  that  they  will  not  be  dr:uratieally  manifest  in 
the  data.  Since  conditions  of  twilight  solar  illumiruition  seem  to  be  chan^’ing 
slowly  compared  to  t(z)  the  residence  time  it  ajipe-'u:.;  t:iat  twilight  experi- 
ments are  perhaps  not  a conclusive  way  to  use  temj^oral  variations  of  solar 


iiXunj.!iat.iou  to  teat  our  tirno  dciiornifnt  tiieory  of  u^jper  atKo.qjherlc  non-LIE 
•t.3  eirdaaiona  by  CO^.  Poriiapj  t!.c  i:ioi'e  rapid  variation  of  nolar  illund- 
nation.  v;!iich  proauiriably  occur.’  in  a Dunar  oclipcc  of  the  oun,  i.'.icht  be  rapid 
eiicuip.  that  time  dependent  effects  in  data  taken  under  eclipae  conditiona 
would  bo  drai.’iitic  enough  to  be  oa.3ily  identified. 


. yV  1 

i) . 6 Summary  of  Evidence  for  OH  -*  N,.  Driven  4.3  mi:  Airvlov,' 

In  our  diacussiona  of  tlie  data  received  27  Knrch  ly73,  11  April  1974, 

25  February  1974  and  6 Farch  1975  we  have  pointed  out  tint  near  80  km  altitude 
tlicre  arc  fcaturea  in  the.3e  data  tiiat  can  be  explained  as  a nanifeatation  of 
OU2’  pojtulated  OH  — driven  CO^  4.3  px;:  airglow.  Ttio  amounts  of  vibrational 
energy  which  need  to  bo  transferred  to  N,,  to  explain  the  features  are 
listed  below: 


Data  Sot  E„,.  (units 

T\  ' 

, ergs/cm/  sec) 

27  i'streii  1973 

Drvvsileg 

O.'- 

11  /pi’il  Iffk 

0.08 

25  February  1'74 

Ul>leg 

0.13 

6 March  1.'75 

"unlit  Twiligiit 

O.Oo 

6 .’.larch  1'975 

Wight  Time 

C 

CD 

In  case  of  tiie  6 

4- W 

March  1.'75  data  tno  OH  -•  H-  driven 

comi'oncnt  had  to  iiave  the 

s.amo  diurnal  variation  as  is  predi.-ted  for  OH  production  '".i  order  to  achieve 
a consistent  analysis  foi  these  sata. 

+ w 

The  OH  - meclianism  Sf!oms  promising  enough  to  i)crsue  lAirther  in  order 
to  achieve  firm  verification. 

Analytically  thl.i  would  involve  an  effort  to  re-exa'idne  tbie  data  obtained 
9 l<iarch  l'/f2  and  the  upleg  data  obtained  27  Marcii  1973  For  iia  cr  evidence  of 

I 

the  OH  driven  COg  4.3  (Jn.  airglov/.  Any  ground,  rocket,  or  aircraft  based 

OH  airglow  data  wtiicii  have  boon  taken  coincidentally  with  the  4.3  pni  data 
should  be  carefully  cxarrdn(;d  for  correlated  effects.  First  order  considerations 
would  indicate  the  brightness  of  the  OiJ^  airglow  and  the  value  E,j^  might  be 
expected  to  correlate  for  example. 
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Future  h.Z  ku'  rocket  shota  should  also  have  instrun;entation  to  measure 
OH  air.^low.  ideally  this  instrumentation  should  be  designed  to  measure  as 
closely  as  is  possible  the  altitude  dependence  of  the  populatioii  OH(v)  for 
each  value  of  v in  ti^e  range  1 s v ^ 'f. 

5-7  Kvaluatlon  jf  Da~a  Obtained  12  fferen  1975 

On  Figure  17  the  cur'/e  shov/s  our  predicted  4.5  Mr;:  zenith  radiance 

profile  for  the  upleg  of  the  12  March  1975  shot  which  was  launched  at 

7:4<3:10.055  UT.  is  the  sum  of  5 components,  these  are  the  cur'.'es  labelled 

A . OH  and  A . 
m u 

’Bie  cur/e  A_^  is  the  component  due  to  absorption  of  earth  shine  and 
thernn.1  collisions.  In  order  to  comjmte  A^  we  used  ASL  rocket  ilata  obtained 
up  to  z 60  k.m  (Reference  54),  we  joined  this  data  smoothly  to  a 195°K  ;.lirch 

z'  O 

05  II  Hiodel  mesopauso  temperature  near  z = 90  kn;. 

liie  curve  OK  is  a guess  for  the  OH^^^  aii'glow  component  of  t.he 

CO,,  4.  i pii,  radiance  appropriate  for  this  event.  Bie  value  E,,,.  = O.O8  ergs/cm^ 

rv 

sec  -zas  used  in  computing  tiie  OH  com{jonent.  Comparison  with  the  4.5  ps.  zenith 
radiance  data  will  provide  a better  means  for  establishing  what  value  is  most 
aiipropriate  for  E,^  for  the  12  Max’ch  1,75  upleg,  we  have  not  as  yet  sl-  n these 
data,  however. 

Ttie  curve  A^  is  our  prediction  for  the  auroral  contribution  to  the 
upleg  12  March  ly75  4.5  lai.  zenith  radiance  data.  Hiis  curve  was  computed  via 
our  BRIM  model.  Preliminary  scanning  photometer  red  and  blue  (4278  A)  data 
tag.en  near  upleg  penetration  were  provided  by  Gears  (Reference  4o)  for  input 
for  the  bRII<l  cornputation.  Biese  data  are  listed  in  Table  5 below.  Tliese  data 
tiave  been  corrected  for  attenuation  via  the  averaged  model  in  Reference  52. 

Use  of  the  averaj^ed  model  may  have  introduced  an  underestimate  in  the  attenua- 
tion correction  since  total  deposition  J dz  q that  wo  deduce  from  preliminary 
radar  data  on  1*^(2)  '"’■t  7:47  UT  (Reference  4l)  is  nearly  a factor  x5  larger 
than  we  infer  from  the  blue  photometric  data.  On  the  other  hand  the  difference 
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Ilablo  i>.  The  tjround  based  (Rei’er'.ae'.  -f  ) red  bvOO  A .'listcries 
4n  I^(t')  and  Vn  i'<  r th*  12  ;-iire>.  l/f':/  'j;  l-ij: 

analysis  arc  listed  leL  . . fl.-'S':  data  .xivo  been 

corrected  Tor  aU'icsidcrej  - a;,!  ,etion  via  the 
avcrar:ed  model  (Rofei'cnce  yl  ). 


t'  (rrdn) 

kR 

4r  1..  ' 

i: 

-.41 

1.60 

-1.25 

.67 

2.10 

2.25 

.55 

2.06 

3.91 

.35 

o.8i 

4.91 

.50 

2.0 

6.58 

.29 

0.43 

7.58 

0.l8 

9.25 

.22 

6.36 

10.25 

.23 

6.53 

11.90 

.17 

6.  l6 

12.90 

.17 

6.l6 

I>h 


in  j dz  q deduced  i'rom  tlie  two  preliminary  data  setc  rray  simply  result  Trotr. 

Vho  dirfering  fields  of  viev/  and  viewing  aspect  of  the  radar  and  the  scanning 
photomcuor.  Data  analysis  is  too  preliiidnary  at  this  point, for  any  definite 
conclusions  regarding  the  differences  in  J dz  q obtained  by  the  two  methods. 

In  either  case  the  radar  and  photometric  data  both  show  that  d/dz  q(z)  =0 
should  occur  at  ll4  km.  A value  s = 10  (Nf,/ionization)  was  used  in  the 
co.'.”nutatio»i  of  A . It  is  conceivable  tliat  A could  bo  5 times  larger  in 
riu -nitude  than  cur  preliminary  calculation  shown  on  Figure  17.  A factor  3 
: ignt  ccme  from  utilization  of  -an  input  model  normalized  so  ttiat  J dz  q agrees 
wit;.  t;.f  i“idai’  data,,  afio'ther  factor  1.6?  could  come  from  increasing  e to 
. (h  / ic:d.^atLon) . 
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4.0  COIICLUOIOIJO 

One  ol’  the  Uiaks  of  oiu’  project  v.tig  to  develop  the  facility  to  numerically 

jolve  tile  exact  time  dependent  plane  parallel  radiation  tran.Gport  equations  wide;. 

deucribc  the  COo  lan  aurora.  We  diGcuss  the  jiucceaGitil  perfornance  of  t;  i.3 

taGk  in  Gcction  2.0  above.  In  performinc  thi.G  task  we  found  tiiat  iricluuion  of 

the  v/eak  COg  banda  haa  a profound  effect  on  the  time  dependence  and  on  tiie 

absolute  macnitude  of  COg  (Jiu  emisaion  in  the  altitude  region  z S 90  km. 

Tl'da  profound  change  ia  illuatro,ted  by  comparing  the  calculation  for  Ug 

reaidcnce  time  t(z)  in  widch  the  weak  CO^  banda  are  ignored  (thia  ia  tne 

curve  labelled  EFA,  = 0 on  Fifpjre  1 ) vrith  the  calculationa  for  t(z) 

in  vndch  the  weai:  CO^  v,  banda  arc  accounted  for.  theae  are  the  curvea 

labelled  EFA,  and  EFA  12  x 12  on  Figure  1.  Similarly,  a aignificant 

fraction  of  the  C0_  4.5  pm  zenith  radiance  obaerved  at  altitudca  z < 3o  km 
d 

v.'iH  occur  in  the  weak  banda.  Reaulta  aliown  on  Figurea  2 and  3 above 
illuati’ate  thia  point. 

A .aecrnd  taak  ’xa.;  to  uac  tl.e  facility  to  numerically  aolve  tiie  e.xact 
de]iendent  d'ana])crt  (TDf)  equation  to  ewiLuute  tiie  data  oLtainod  24  and 
;-arci  1973  . 23  February  ly74,  11  April  1974.  C Farch  1973  and  12  I-iarch  1975. 

A better  fit  between  24  March  1973  data  and  tlieory  in  tiie  z < 90  km 
region  waa  ac.hieved  by  uaing  our  iiqiroved  TDT  calculational  facility  aa  com- 
pared to  the  fit  to  thoae  data  we  had  reported  previoualy  (CRL0334)  wiiicii  waa 
aciiieved  by  application  of  a calculational  facility  w!;icli  enployed  tiie  stationary 
Sime  dependent  afiproxi nation  (GTDA)  to  tiie  TDT  formulation.  Tiie  earlier  method 
iiad  neglected  tiie  weak  COg  banda  and  tliia  waa  the  principal  roaaon  tliat 
better  a.jyeement  wi  U.  tiie  data  waa  aciiieved  by  our  inpri.ved  TDT  facility  in 
tiie  region  z 9O  Km.  For  z > 9O  km.  the  fita  to  tiie  24  I-bupcii  1973  data  tiat 
wore  aciiieved  by  the  IDT  and  iilDA  facilitiea  were  eaaentially  identical  aa 
migiit  be  expected. 

Tiiere  were  no  data  obtained  24  Marcli  1973  for  z < 3o  km.  Since  tlio  really 
aiioctacular  cffccta  of  the  weak  C0,„  v,  banda  only  begin  to  aiiow  iqi  for  z > 80  km, 
no  ;iucti  ajiectacular  effecta  were  evident  in  the  data,  'ftpically  auroral  data 

(,G 


’Adli  net  inanifeat  these  drariatlc  effects  since  auroral  deposition  occurs  for 
■s  -JQ  kra.  Abscrjition  by  intervenin>3  atmospheric  CO^  of  CO^  pr:  emission 
in  the  region  of  auroral  depositions  renders  t)ie  auroral  4.3  pn;  aenith  radiance 
for  a < 3o  km  i^uite  weak  in  comparison  to  otlier  sources  of  CO^  4.3  pm-  aenith 
radiance  in  this  altitude  region.  Bds  means  that  measurements  of  auroral 
4.3  pm-  CO^  zenith  radiance  are  not  a very  effective  vay  to  verify  the  spec- 
tacular effects  of  the  weak  CO  v.^  bands  tVat  the  TDX  theory  predicts  will 
occur  for  a < 30  km.  For  DNA  interest,  significant  energy  deposition  occurs 
in  the  region  a < 80  km  as  the  result  of  high  altitude  detonations. 

Bie  27  ^iarch  1973  downleg  (60  < a < IOC  km)  data  were  taken  at  a place 
where  no  appreciable  auroral  deposition  had  occurred  in  the  previous  45  minutes 
at  least.  We  used  the  TDT  facility  to  determine  that  the  feature  in  these  data 
in  the  70  to  80  isn  altitude  range  (see  Figure  5 below)  could  not  be  the 
decaying  remnant  of  an  intense  4.3  nm  aurora  which  may  have  been  present  more 
than  45  minutes  prior  to  downleg  penetration.  A similar  feature  was  noted  in 
evaliBtion  of  the  11  April  1974  data  which  were  purposefully  obtained  on  an 
evening  when  there  was  no  auroral  activity.  In  analysis  of  these  data  we 
determined  that  the  mechanism 

0H(v)  + Ng  - OH(v-l)  + N* 

is  probably  the  mecnanism  most  likely  to  be  responsible  for  the  feature  noasr 

3o  km  whic}i  is  noted  in  the  11  April  1974  data  and,  by  inferrence,  for  the 

similar  feature  noted  in  the  27  liarch  1973  downleg  data.  A total  vibrational 

2 

enerf^y  transfer  E,^  from  0H(v)  to  of  about  O.078  and  0.22  ergs/cm  sec  is 
required,  respectively,  to  explain  these  features  in  the  11  April  1974  data 
and  in  the  27  March  1973  downleg  data. 

Bie  25  lebruary  1974  data  were  obtained  in  the  presence  of  an  activf 
moving  auroral  arc  wtiich  produced  large  auroral  components  of  4.3  pm  zenith 
radiance  on  both  the  ujjleg  and  downleg. 

For  evaluation  of  these  data  we  developed  a facility  to  utilize  ground 
based  scanning  photometer  blue  (4278  A)  ai»d  red  (65OO  k)  data  in  order  to 
develop  an  energy  i,nput  npdel  (BRIM)  appropriate  for  the  upleg  and  downleg 
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penetration  pointa  The  total  column  depoaition  J*  dz  q(z,t')  ij  at  some  time 
t ' prior  to  penetration  obtained  from  the  absolute  magnitude  of  the  blue  data 
tind  the  approximate  altitude  dependence  q{z,t')  ia  obtained  from  the  red  to 
blue  ratio.  Correctiona  for  atraoaphcric  attenuation  muat  be  applied  to  the 
ground  baaed  piiotoraetric  data. 

In  practice,  correction  of  the  aoroaol  component  of  attenuation  may  be 
veuy  difficult  to  apply  accurately.  Nevertheleaa,  we  were  able  to  conaiatently 
model  both  tlie  upleg  and  downleg  4,5  pjii  aurora  data  aeta  on  the  baaia  of 
upleg  and  downleg  energy  depoait  hiatoriea  q(z,t')  conatriactcd  via  the  BRn-l 
facility.  Tlio  acroaol  correctiona  to  the  photometric  data  were  based  on  an 
averaged  atmospheric  model, 

Tlie  values  15  ^ e ^ 20  (lifyionization)  were  necessary  to  fit  both  the 

cl 

upleg  and  downleg  4.3  pin  data.  Tlie  addition  of  a conponent  of  4.3  pm  radiance 

due  to  transfer  of  vibration  from  0H(v)  to  N„  of  about  0.09  < E,_  < 0.l4 

o iv 

erga/cm*"  sec  resulted  in  a much  bettor  fit  to  the  upleg  data  than  vrould  have 
loiai  achieved  for  = 0.  Due  to  rocket  tipover  at  z = 85  km  on  the  downleg 
we  did  not  attempt  to  analyze  the  downleg  data  for  z < 85  km  in  terms  of  the 
0H(v)  N,,  mechanism. 

In  cur  discussion  of  the  25  February  19Y4  data  .we  noted  a aide  point  with 
regard  to  tne  possibility  of  CO.,  2.8  pm  emission  with  a long  (l  to  5 minute) 
response  time  period  and  with  N.,  as  energy  the  storage  mechanism.  To  get 
within  a factor  of  about  10  of  wliat  seems  to  be  the  required  magnitude  of 
the  2.7  pmi  radiance  requires  that  the  vibration  transfer  rate  constant  for 
the  reactions 


should  be  lO"^  larger  titan  for  the  reaction 

^ ± 
COg  (001)  + Ng  ^ CO^  (000)  + Ng 
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It  Jeems  unlikely  that  3hould  differ  significantly  from  k^,  but  the 
possibility  way  warrant  further  attention. 

Next  wo  applied  our  TDT  theory  for  evaluation  of  data  obtained  6 ’'larch 
1975  on  two  rocket  shots,  one  into  tlie  sunlit  twilight  atmosphere  aiad  the 
other  into  the  night  time  dark  atmosphere.  Tlierc  was  no  significant  auroral 
activity.  A consistent  evaluation  was  achieved  0:1  the  basis  of  two  airgi -w 
meciianisms.  One  is  the  OJl(v)^  mechanism.  T!i3  other  is  the  absorjjtion 

of  4.5  and  2.7  pjn  sunlight  by  C0_  followed  by  emission  at  4.5  pm.  Bic  data 

£l 

Indicated  that  the  sunlit  twilight  component  of  4.5  pt-  radiance  due  to  the 
OH(v)  — Ng  mechanism  must  be  about  a factor  5 less  t’nan  the  night  time 
component,  in  accord  with  accepted  theory  for  the  diurnal  dependence  of  tue 
Oil(v)  production.  Values  of  = .06  and  . iS  ci’gs/cK  sec  arc  required  in 
the  sunlit  a.nd  dark  cases  rcsiioctively.  Tlie  evaluati.n  indicated  that  c jn- 
ditions  of  solar  Illumination  are  not  changing  rapidly  enough  during  higVi 
latitude  tvri.light  to  produce  dramatically  evident  time  dependent  effects. 
Per’uaps  soxar  illuiilnation  would  vary  rapidly  enough  to  produce  such  effects 
in  low  latiiudo  twilight  or  in  ecliptic  conditions. 

On  12  March  1975 » 4.5  pji-  xenith  radiance  data  were  obtained  in  a 
broad  dlflkise  aurora.  We  used  preliminary  photometric  data  as  input  for  the 
BRIM  model  tc'  obtain  q(z,t^)  for  the  upleg  and  then  input  q(s,t^)  to  the  'JDX 
computation  to  obtain  a preliminarj^  prediction  for  fne  auroral  4.5  pi;-  zenith 
radiance  component  of  the  12  March  1975  upleg  data.  We  also  predicted  that 
there  will  be  some  manifestation  of  the  OH(v)^  moctianism  in  these  data. 

C. 
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